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In cultivating D. melanogaster at the Institute for Biological 
Research at Johns Hopkins University, a difficulty arose during 
the summer of 1925, which at times interfered with the growth 
of the flies. This difficulty was the appearance, in the flasks 
used for cultivation, of a growth that resembled the ordinary 
blue-green Penicillium but which appeared to form on the sur- 
face of agar, a thick, tough, basement membrane of a bright 
lemon-yellow color. This growth was apparently very obnoxious 
to the flies for they died in large numbers soon after being put 
into jars containing it. The phenomenon was brought to the 
attention of the author and the following studies made. 

Microérganisms pathogenic for flies of various species have 
been described (1, 2). It was thought, therefore, that the 
present phenomenon might also be due to the presence of some 
pathogenic organism in the jars. With this idea in mind an 
attempt was made to isolate such an organism from one of 
the jars in which the flies had died very rapidly, and in which the 
yellow growth was particularly thick. 

It has been observed by Pearl that flies might live in ves- 
sels containing growth of Penicillium of the ordinary varieties 
without any ill effects on the flies. Inasmuch as the mold in 
question was believed to be one of these ordinary types, it was 
thought that the obnoxious growth, if any were present, must be 
connected with the yellow pigmentation, since this had not been 
observed before and its appearance was connected with the death 
of the flies. 
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Material from the jar was therefore plated out on a medium 
similar to that used for the fly cultivation.’ To obtain the 
inoculum, a piece of the tough, yellow membrane covering the 
surface of the agar in the fly bottle, under the growth of the 
mold, was cut out with a loop of stiff sterile wire. The under 
side of this piece of membrane was carefully scraped and the 
scrapings spread upon the medium in petri plates. Smears of the 
scrapings were made at this time, and stained with Gram’s stain 
and with Loeffler’s methylene blue. These preparations showed 
the presence of mold hyphe, spores and yeast cells. No bacteria 
were seen. This is readily understood in view of the acidity of 
the medium. 

Plates streaked as above were incubated in the refrigerator 
at about 6° C., also in the laboratory at a temperature of about 
25° C., and other plates were held at 37° C. Growth occurred 
at all three temperatures, but most abundantly and rapidly on 
the plates held at about 25° C. On all plates there appeared 
nothing but the white commercial yeast referred to and the 
mold. There was no yellow growth on any of the plates, even 
after long standing at different temperatures and in the dark as 
well as in the light. 

The attempt was regarded as a failure, since no organism 
appeared except those believed to be harmless to the flies. A 
second and third attempt yielded like results. No yellow organ- 


1 This medium is prepared as follows: 
Solution A. 


500 cc. 


. 83.5 grams 


500 cc. 
30 grams 


Autoclave A and B separately. Mix aseptically in equal parts just before use. 
The solutions keep well separately. The reaction is about pH 3.2. 
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ism appeared and nothing even resembling the thick yellow 
growth in the original fly bottle could be seen. 

Other fly bottles were obtained, and finally, from one of these, 
a growth was obtained which had the typical yellow color and 
the leathery texture. Upon replating this growth repeatedly, 
however, nothing could be obtained except the ordinary yeast 
and the mold. 

After repeatedly smearing such material over plates and getting 
only the mold and ordinary yeast referred to, a final survey of 
all plates heretofore made was undertaken with a view to dis- 
carding most of them. 

During this survey, however, there was noted on one of the 
older plates several tiny colonies having a distinct, coral-red 
color. One of these was fished to Saboraud’s agar and held at 
room temperature for three days. During this time there ap- 
peared a soft, creamy, coral colored growth, which, upon micro- 
scopical examination, was found to be a yeast or torula. It was 
later shown that this red torula occurred as a contaminant in 
cakes of the commercial yeast referred to above. After three or 
four more days, the pink growths on the plates from which the 
pink colony had been fished, were observed to be gradually turning 
yellow in places, and wherever the yellow color appeared there 
was also a growth of the mold. The yellow growth had also 
become tough and leathery. Smears made from these colonies 
showed the presence of a mass of yeast cells matted and closely 
bound together by mold hyphz. It appeared that the combined 
growth of the red torula and the white or unpigmented mold 
produced the bright lemon-yellow color, and the tough character 
of the colonies. It only remained to get pure cultures of the two 
organisms growing under controlled conditions to decide this 
point. This was easily done by inoculating one side of a plate 
with a pure culture of the mold and the other half with a pure 
culture of the red torule. The plate was held at about 22° C. 
for four days and good growth of both organisms occurred. The 
two growths remained separate for some days, but soon the 
spreading mold began to overgrow the area streaked with the 
torulz. Wherever the mold encountered a colony of the torule, 
the colony became yellow, hard and tough. 





156 MARTIN FROBISHER, JR. 


One of these yellow colonies, smeared under a cover slip, 
showed that the mold had invaded the colony of torule and 
matted and bound the whole colony into a solid mass. The 
yeast cells seemed to suffer somewhat from the contact, since 
when one of these yellow colonies was stained by methylene 
blue most of the entangled cells appeared to be wholly or partly 
disintegrated. The destruction of the red torula cells by the 
mold probably explains why so much difficulty was originally 
encountered in isolating the red organism. The mold does not 
appear to have such an effect upon the commercial yeast, for 
good growth of this yeast was obtained even after prolonged 
contact with the mold. 

Regarding the occurrence of a red torula in compressed yeast 
cakes it may be said that this is not a specially remarkable 
circumstance, and may have been observed before. The pink 
or red torule appear to be fairly widely distributed in nature. 
They have been known for a long time and seem to have been 
first described in 1850 when Fresinius (3) first described Crypto- 
coccus glutinis. Pink torule or yeasts have been isolated from 
various beer and wine musts, milk, cheese, sea water, plant 
diseases and other sources. The finding of such an organism by 
Fisher and Brebeck (4) in the stomach of a case of gastric fermen- 
tation is of interest in view of the ability of the organism herein 
described to grow well at an acidity similar to that of the normal 
gastric contents. A pink yeast or torula causing spoilage in 
oysters has been described by Hunter (5). Similar organisms 
have been isolated by the author from oysters taken from Chesa- 
peake Bay. The organism mentioned above resembles these 
varieties in many respects and probably belongs to the same 
family or genus, but also shows differences that indicate that it 
is not of the same species, the chief difference being that it is 
quite a strict aérobe. 

A cultural study of the red torula yielded the following data: 

Growth occurs at temperatures ranging from about 6° C. to 
about 37° C. 

The optimum is in the neighborhood of 25° C. 

Growth takes place on agar having a reaction ranging around 


Ph 7.4, and also as low as Ph 3.0. No very definite optimum 
seems to exist. 
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In a fluid synthetic medium the reaction at which good growth 
ceases was found to be about Ph 2.8, while that at which even 
sparse growth ceases was found to be about Ph 2.0. 

Pigment formation seems to be slightly favored by the more 
acid medium. 

The organism will grow on all of the ordinary media, with good 
pigment production. 

Dextrose is fermented but slightly, even after 20 days growth. 
Acid is formed, but no alcohol could be detected by the method 
of distillation. No gas is formed. Lactose, saccarose, mannite 
and xylose are not fermented when used in extract bouillon. 

Growth in a suitable synthetic medium of about Ph 3.2! 
occurs after five days as a dirty looking sediment. After standing 
for twenty-one days or more, however, heavy growth of coral 
pink sediment gradually appears, and, if left undisturbed, a 
thin pink scum forms, and a ring appears at the junction of the 
fluid surface and the vessel wall. 

The torula is an aérobe. When an inoculated infusion agar 
slant was placed in a Brown (6) anaérobic jar, no growth occurred 
after ten days at room temperature. Upon removal of this 
slant from the jar, good growth occurred after forty-eight hours. 
A flask of the synthetic medium described above, which had 
been heated for some time in order to invert some of the sucrose, 
was also placed, after inoculation, in an anaérobic jar for one 
week. No growth occurred. Growth appeared quite promptly 
after removal of the flask from the jar. 

Morphologically, the organism is ellipsoidal, the cells being 
from 5 to 7 » long by about 3 to5 u4 wide. No spores have been 
observed. Typical budding occurs. 

A study of the pigment showed it to belong to the class of 
acid-alkali indicators. The growth on an agar slant was treated 
with m/1 acid. No change in color took place. On treatment 
of the same growth with m/1 alkali however, the color turned toa 
brown-orange and the red color could be restored by further treat- 


ment with the acid. The change in color was not striking, but 
definite. 


1 This medium is simply solution (A) of the agar described above, but containing 
1,000 cc. of water instead of 500. 
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The growth on a Buchner flask was suspended in 50 cc. of 
water and left in the incubator for four days. None of the color 
was imparted to the water. It was found that no pigment could 
be extracted from the intact cells with ether, alcohol, chloroform, 
glycerine, or water. Nor was any to be obtained with these 
solvents after grinding the dried cells with sand. 

Simultaneously with these cultural studies, attempts were 
being made to determine what had killed the flies in the original 
jars. 

Pure cultures were made of the red torule and of the Penicil- 
lium-like mold in suitable flasks, and anzsthetized flies were 
introduced. The first three experiments are summarized in 
Table I. The red torula alone has since been used successfully 
to rear several vigorous batches of flies. 


TABLE I. 
FATE OF FLIES FED ON PURE CULTURES OF RED TORUL# AND Penicillium 
RESPECTIVELY. 


(Three experiments.) 





—_ ae — — ——Eeeee 


| 


Organism No. | Total Number of Flies Dead on Following Days: 

on which |Exp.| of | 

Flies Were No.| Flies | | 
Fed. | Used.| Ist | 3d | 4th| sth | 6th | 7th | 8th | oth |roth 





Red Torule 10 | | | o | o I Rei: REE) « 
| | 10 | | o 0] oO o o 
10 | | Oo oO of o o}] o| 





Penicillium I 10 13 | - 8 | 10 | 10} 10 
i i i i 

Io | 5 | 6 9/1 9 9 

10 | 1 10 10 | 10 





Ordinary Yeast 
(Control) 




















1 No observation. 


It has already been pointed out that the combined growth 
of torulz and mold results in the formation of a hard tough mass. 
This led to the idea that the mold might kill the flies by growing 
among the yeast cells in the alimentary passages and thus block 
elimination and engorgement. It was found that a combination 
of the mold, and of the commercial yeast upon which the flies 
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ordinarily engorge themselves with happy results, also produced 
a rather tough mass, but not nearly as hard and tough as the 
combination of the mold and the red torulz. In cross sections 
of the gut of flies which had been allowed to feed first on torula 
and then on mold, and had then died, the gut appears somewhat 
distended with a matted mass of mold hyphz and torula cells. 
It seems improbable that the fly could have taken in through the 
proboscis such large filaments, and it is believed that they must 
have germinated and grown in the gut after the ingestion of 
spores, or smaller portions of filament. Sections show that the 
mold hyphz penetrate into the walls of the gut, either between 
the cells or into them. 

This suggests that the matted mass of torula cells may be 
firmly bound to the intestinal wall by these adhesions of mold 
hyphe. This would, it seems, add to the blocking effect. 
Further, the invasion of the intestinal wall might paralyze this 
organ so that elimination could not proceed normally on this 
account. A similar phenomenon has been described by Vincens 
(7) in the case of bees experimentally infected with a type of 
Aspergillus. 

That this may not be the only means by which the mold kills 
the flies, however, was shown by placing bacteriologically sterile 
flies on mold cultures. In preparing the flies for this purpose a 
number of young pupz were disloged from their moorings in 
one of the stock fly culture bottles and soaked for one minute 
in an aqueous solution of alcohol and mercuric chloride. They 
were then washed three times in sterile distilled water and placed, 
with a sterile loop, upon agar and kept three days at 37° C. and 
subsequently at about 22° C. After the adults emerged the 
vessels containing them and the agar were returned to the 
incubator for 48 hours and then removed. This was done to 
detect the presence of any bacteria which might have been inside 
the pupa cases and escaped the disinfectant. Most of the flies 
were found to be still contaminated, but some were not, and 
these were selected for use. The sterile flies were placed in a 
bottle containing a pure culture of the mold and in five days all 
were dead. 

This rapid death pointed to either an effect of the mold, or 
starvation, or death due to drought, or all three. 





160 MARTIN FROBISHER, JR. 


In order to control the effects of starvation and drought on 
these flies, twenty-nine normal specimens were placed in a dry 
empty flask, ten in a flask containing nothing but a pledget of 
cotton wetted with distilled water, and thirty-four in a vessel 
containing sterile agar. The fate of these flies is shown in 
Table II. 

TABLE II. 


FATE OF FLIES UNDER CONDITIONS OF DROUGHT, STARVATION, Etc. 
Conditions Number: Total Number of Flies Dead on Following Days: 
of Drought of Flies 
Starvation, at | l | 
Etc. Start. | 1st | 2d | 3d | 4th | 5th | 6th | 7th 8th | oth | roth 
| | |- |— j}— } - | 
Dry, empty flask. 29 | | 29 | 29 | 29 





Wet pledget of cotton 10 «(| ro | 10 





| 
| | 
Stesile ager......... mm | 9 2 17 
Ordinary yeast cul- | 


ture (control).... 33 | 0 


1 Number varied because of activity of flies. 
2 No observation. 


It appears that the flies die very rapidly as a result of drought 
and the absence of anything but water. The more prolonged 
survival of the flies on the sterile agar may be attributed either 
to an ability to metabolize this or its impurities or, more likely, 
to an automatic inoculation of the agar with the yeasts on their 
feet and in their feces. 

It appears to be shown by this experiment that the sterile 
flies survive in cultures of mold beyond the period within which 
it would be expected that they would die of drought or starvation 
and it therefore seems logical to assume that they eat the mold, 
but that the mold finally grows within them and kills them. 

Some of the dead flies were imbedded in paraffin within an 
hour after death and serial section made. Such sections show 
that the mold may actually invade the tissues of the fly. 

It should be noted that error due to variation in longevity of 
the flies is probably nil, since: 

1. The flies were all young (10-15 days old) progeny of 
standardized stock, originally furnished by Dr. Raymond Pearl, 
and deaths in these experiments always occurred well within the 
minimum of longevity. 
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2. The number of etherizations incident to these experiments 
never exceeded two in number nor more than 7 minutes in 
duration (8). 

3. The conditions, under which the flies were reared and 
experimented upon, were practically ideal as to number in jars, 
ventilation, etc. (9, 10, IT). 


SUMMARY AND CONCLUSIONS. 


1. A red torula has been found as a contaminant of certain 
commercial yeast and a brief biological description given. 

2. The combined growth of this torula and one of the group of 
Penicillium produces a bright lemon-yellow color. 

3. Overgrowth of the torula by the mold transforms the 
creamy torula colony into a hard, tough mass, apparently by 
invading the colony and matting the cells together. The torula 
cells suffer by the contact. 

4. The pigment of the torula has the properties of an acid- 
alkali indicator. Its sensitivity to these reagents is low. 

5. The red torula may be used for raising batches of D. 
melanogaster. 

6. A mold, probably closely related to Penicillium glaucum 
has been shown to have the power of killing D. melanogaster. 
The mechanism by which it injures the flies is shown to be 


possibly of two sorts. First, it appears to grow among the torula 
cells in the gut of the fly and by matting them together forms a 
more or less solid mass which may block both elimination and 
engorgement. By invasion of the intestinal wall, the mold hyphe 
are believed to bind this mass firmly in the intestine. Second, 
it is believed that the mold actually invades the tissues of the fly. 
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NUCLEAR REGENERATION IN STYLONYCHIA 
MYTILUS. 


DONNELL B. YOUNG, 


UNIVERSITY OF ARIZONA. 


In 1919 while working on the regeneration of lost parts in 
Uronychia which had been cut in various ways (cf. Young, 
Jour. Exp. Zoél., Vol. 36, No. 3, Oct. 1922) it was discovered 
that one species, U. binucleata had two micronuclei. When this 
form was cut in such a way that the two micronuclei were in 
separate halves each part regenerated completely and sub- 
sequently divided. At that time, however, no stained prepara- 
tions were made to show the method of nuclear reorganization. 
In those species which had but a single micronucleus, U. setigera 
and U. transfuga, division never took place in the amicronucleate 
fragment although regeneration might do so. The question 
naturally arose, does the nuclear complex in those forms having 
two micronuclei regenerate at the same time that the cytoplasmic 
structures are being replaced and if so, how? 

Uronychia binucleata has not appeared in any of my cultures 
recently but as Stylonychia mytilus has two micronuclei so placed 
that a cut in the median transverse plane passes between them, 
they have been selected for this study. A wild mass culture was 
used and individuals selected from it at different times as needed. 
Several of the normal individuals were stained in order to record 
their nuclear complex. In every case two macro- and two 
micronuclei were found. Animals which have just completed 
division can usually be distinguished by their smaller size. In 
the following experiments individuals were selected which were 
of average size, indicating that they had not divided for four or 
five hours. As the formation of precocious cirri can be readily 
seen and as animals do not show any nuclear changes until such 
cirri do form, it is clear that individuals were not used which had 
already begun the process of division. The cutting was done 
free hand with a small sharp scalpel. The fragments were care- 
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fully studied under the microscope and any in which the plane of 
cutting was such that either part of the nuclear complex might 
have been injured were discarded. 

Seventeen animals were selected and cut in a median transverse 
plane, thus separating the two halves of the nuclear complex. 
The parts were kept under observation and the process of re- 
generation studied. In eight or ten hours each fragment had 
developed its missing structures. At the end of thirty-six hours 
most of the regenerated individuals had divided. Some of those 
which had already divided as well as some which had not yet 
started division were stained. In every case the nuclear com- 
plex was complete, that is, there were two macro- and two 
micronuclei. 

Ten individuals were next cut in the same plane and in sixteen 
hours the pieces were stained. Regeneration was complete in 
both nuclear and cytoplasmic structures. No division had taken 
place. There was no indication of the method of nuclear 
reorganization. 

Eight other individuals were stained about six hours after 
cutting. At this time the cytoplasmic regeneration was prac- 
tically complete. The body form was normal and the number 
and arrangement of cirri correct, although some of the cirri 
were not full size. In each animal studied, the micronucleus 
was in the process of mitetic division and the macronucleus had 
begun to separate into two parts. 

Eight individuals were stained three to five hours after cutting 
in the same plane as before. The cytoplasmic structures had 
begun to regenerate but the process was far from complete. 
The micronucleus showed various stages of division up to about 
a metaphase condition. The macronucleus in some cases had 
not begun to divide while in other cases it showed a slight con- 
striction. : 

This study seems to indicate that in the race of Stylomychia 
mytilus used in this series of experiments the nuclear complex 
is constant and the whole complex is necessary for the normal 
life of the animal. Any cut which separates the two halves of 
the nuclear complex results in the regeneration of the normal 
complex by the amitotic division of the macronucleus and the 
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mitotic division of the micronucleus. In every case studied, this 
process took place before the animal divided. 
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THE CHEMICAL SENSITIVITY OF THE TARSI OF 
CERTAIN MUSCID FLIES. 


(Phormia regina MEIGEN, Phormia terre-nove R.D. 
AND Lucilia sericata MEIGEN.) 


DWIGHT ELMER MINNICH, 


DEPARTMENT OF ANIMAL BIOLOGY, UNIVERSITY OF MINNESOTA. 


INTRODUCTION. 


Experiments previously published by the author (Minnich, ’21, 
’22a, '22b) have shown that the tarsi of certain butterflies 
possess sense organs which are exceedingly sensitive to contact 
chemical stimulation. These chemoreceptors are of such impor- 
tance that a more general knowledge of their occurrence and 
function in insects is highly desirable. The data presented in 


this paper are the results of experiments on three common muscid 
flies, Phormia regina Meigen, Phormia terrz-nove, R.D., and 
Lucilia sericata Meigen. For the identification of these flies 
I am indebted to Dr. J. M. Aldrich of the United States National 
Museum. The methods employed in these experiments are, in 
general, similar to those employed with butterflies, the results 
in both cases having been obtained by the use of proboscis exten- 
‘ sion as an indication of stimulation. 


MATERIAL AND METHODs. 


The experiments were carried out in the spring and summer 
months. In the first experiments, therefore, the flies were indi- 
viduals which had hibernated, whereas in the later experiments 
they were individuals which had emerged the same season. All 
of the flies were captured, usually with a net, either from walls 
where they came to sun themselves in the early morning hours, 
or from waste cans to which they were attracted by the odor of 
decomposing organic matter. 

The flies were transferred in bottles to the laboratory where 
each animal was etherized, its species and sex determined, and 
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its appendages carefully examined to determine their state of 
perfection. If all six legs were not perfect, the animal was 
usually discarded. If the legs were perfect, however, the wings 
were cut off close to the body with fine scissors, and the animal 
was mounted on a holder. The holder consisted of a straight 
piece of telephone wire, 19 to 20 cm. in length, and flattened out 
to form a small plate at one end. To this plate was attached a 
rectangular block of beeswax deeply notched in the middle, thus 
leaving two projecting tongues. By careful manipulation, it was 
possible to heat the tongues one at a time with a hot needle, and 
while the wax was still melted to attach the thorax of the fly to one 
and the abdomen to the other, the entire operation being com- 
pleted in about a minute. “Mounts” thus made are admirably 
adapted for experimental work and make possible the rapid 
handling of flies with the greatest ease (Fig. 1). 


Ww 


Fic. 1. Side view of a mounted fly. 06, block of beeswax notched at center; 
w, wire flattened out at the end. 


Immediately after mounting, the legs of each animal were 
carefully rinsed with distilled water to remove any foreign matter 
adhering to them. Recovery from the anzsthesia usually re- 
sulted in a few minutes, but a mjnimum period of two hours was 
allowed from the time of anzsthetization to the first trial. 

As far as could be determined without special experimentation, 
mounting and experimentation failed, in the great majority of 
cases at least, either to injure the animal or to shorten its life to 
any appreciable extent. The animals were usually kept under 
observation for at least 24 hours after the conclusion of the 
experiment before being discarded. In one experiment, however, 
involving eleven individuals belonging to the two species of 
Phormia, the animals were kept on after the experiment until 
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death, each animal being fed once daily with 1M saccharose 
solution. When the solution failed to effect a proboscis extension 
through tarsal stimulation, it was found that a response could 
always be obtained by touching the oral lobes of the proboscis 
tip to the solution. It was, therefore, possible to force every 
animal to bring the extended proboscis in contact with the 
solution even though it drank little or none of it. Two of the 
eleven flies died within twenty-four hours. The remaining nine, 
however, lived many days. Exactly, their longevities were 9, 
10, I1, 28, 30, 33, 35, 44 and 54 days. Six of the animals, three 
males and three females, thus lived a month or more, the greatest 
longevity extending to almost two months. It is doubtful 
whether these six animals would have lived any longer, if as 
long, in a state of nature. (Compare Glaser '23.). 
The use of proboscis extension as an index of tarsal stimulation 
entails a certain amount of care to avoid misinterpretation. 
Extensions of the proboscis are sometimes called forth by causes 
other than tarsal stimulation, e.g., cleaning operations, distance 
chemical stimulation not under the control of the experimenter, 
or hypersensitivity to mechanical stimulation induced by in- 
anition. In the last respect flies are like butterflies in that they 
sometimes become so sensitive during inanition that slight 
mechanical stimuli effect proboscis extensions, the proboscis 
even remaining permanently extended in some cases. Care was 
taken to avoid, in so far as possible, such sources of error, the 
animals being discarded if there was any regularly recurring 
question of interpretation. Occasionally, particularly with 
Lucilia, very slight movements of the oral lobes of the proboscis 
tip were noted which were apparently not coupled with any 
extensor movement. Such movements were counted as ‘no 
responses.” Similarly, slight movements of the palp, noted in 
a few instances, were disregarded. 

The methods used in this paper are similar to those used in 
previous papers dealing with similar problems. Each trial lasted 
30 seconds, at the end of which period “no response’’ was 
recorded if no extension of the proboscis had been observed. 
Minimum intervals of ten minutes were allowed between trials. 
Extensions of the proboscis judged as less than one half of com- 
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plete extension were weighted at .5, while extensions judged to 
be one half complete or more were weighted at 1. As a matter 
of fact the great majority of responses were complete extensions. 
The figures which will be chiefly discussed are the percents of 
weighted responses, called the per cent. of response, computed 
by dividing the total weighted response obtained in a series of 
trials by the maximum weighted response possible in the trials. 


EXPERIMENTS. 


The questions to be answered by these experiments were two: 

1. Do flies possess contact chemoreceptors in the tarsi similar 
to those present in butterflies? 

2. If present, what are some of the substances discriminated 
by these sense organs? 

It is easy to demonstrate that mounted flies when placed with 
their tarsi in contact with absorbent cotton saturated with dis- 
tilled water or a 1M saccharose solution will usually extend the 
proboscis. Such responses may conceivably be due chiefly or 
solely to: (1) tactile stimulation of the tarsi; (2) distance chem- 
ical stimulation of the antennz or other receptors by water vapor; 
(3) contact chemical stimulation of the tarsi. Experiments were 
accordingly devised to test out these possibilities. 

Two general types of experiments were devised, the first to 
test the ability of the tarsi to discriminate between water and 
paraffin oil; the second, to test the ability of the tarsi to dis- 
criminate between water and 1M saccharose solution. 

Three sets of experiments of the first type were carried out, 
alike as to object and general procedure but differing slightly 
in apparatus and methods. Under the general conditions of 
these experiments it. was found that the great majority of flies 
had become 100 per cent. responsive to distilled water by the time 
trials were begun, viz., two to four hours after anzsthetization. 
A few individuals failed to become responsive in time to complete 
the experiment the same day, and still = few others failed to 
respond at all. Occasionally such animals were carried over to 
the second day and experimented upon, but, im general, they 
were discarded. The flies which did become responsive were 
given three trials with water, and alternating with these, three 
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trials with oil. Great care had to be exercised in trials with oil, 
not to allow the body to come in contact with the oil saturated 
cotton and further, to remove the oil from the legs after each 
trial with shreds of filter paper. Otherwise the oil spread over 
the body and quickly killed the animal. With the proper pre- 
cautions, however, flies could usually be given repeated trials 
with oil and yet be kept in good condition. 


Fic. 2. Apparatus used in testing the effect of tarsal contact with water. The 
apparatus consisted of a petri dish filled with water. Near the center are two 
rectangular pans: a, containing a cotton pad saturated with distilled water, and 
b, containing a cotton pad saturated with paraffin oil. 


The details of the first two sets of experiments were briefly 
as follows. To the bottom of a glass petri dish 14 cm. in diam- 
eter, two rectangular metal pans 2 em. by 3.5 cm. by 1.5 cm. 
deep were fastened with wax. The petri dish was filled with 
distilled water nearly to the edge of the pans. In-one pan (c, 
Fig. 2) was placed a smooth pack of absorbent cotton saturated 
with distilled water; in the other pan (b, Fig. 2) a similar pack, 
saturated with paraffin oil. The animals were tried in threé 
positions: (1) with their feet in contact with the cotton of pan a, 
where they were subjected to the contact stimulus of water, and, 
the distance stimulu; of water vapor; .(2) a similar position in 
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pan 6b, where they were subjected to the contact stimulus of 
paraffin oil and the distance stimulus of water vapor; .(3) a 
position similar to 2, and far enough above pan b to prevent 
contact of the tarsi with the oil, in which position they were 
subjected to the distance stimulus of water vapor only. Posi- 
tions 1 and 2 differed only in the nature of the contact chemical 
stimulus afforded the tarsi, the tactile stimuli afforded by water 
and paraffin oil and the distance stimulus from water vapor 
being nearly identical in the two cases. Position 3 differed from 
1 and 2 in lacking any contact tarsal stimulation, either tactile 
or chemical. 
TABLE I. 


SHOWING THE RESULTS OBTAINED WITH TWO SPECIES OF Phormia UNDER THE 
FOLLOWING CONDITIONS OF STIMULATION: A, WATER VAPOR PLUS TARSAL CON- 
TACT WITH WATER; B, WATER VAPOR PLUS TARSAL CONTACT WITH PARAFFIN OIL. 


A. B. 
Water Vapor Water Vapor 
Plus Tarsal Plus Tarsal 
Animals. Contact with Contact with 
Water. Paraffin Oil. 


29 Phormia; } 
Total number of trials... . 87 87 
Total number of responses 87 21 
Total weight of responses. 87 17.5 
Per cent. of response 100 20 


140 and 199, P. regina; 10, P. terre nove; to' and 49 belonging to these 
two species but not specifically identified. 


The first set of experiments was carried out on twenty-nine 
individuals belonging to the two species of Phormia. The results 
(Table I.) showed 100 per cent. response in position 1, and but 20 
per cent. response in position 2. The animals were not tried in 
position 3. In some of the trials in these experiments, however, 
a source of error was discovered. The cotton pad in the oil 
pan became accidentally contaminated with wate. 

In the second set of experiments, carried out on Lucilia 
sericata, care was taken to avoid the sources of error in the first 
group of experiments. In position 1 (Table II) Lucilia gave 95 
per cent. response, in position 2, II per cent., and in position 3, 
13 percent. These animals, therefore, actually responded. more 


to water vapor than they did to water vapor plus contact of the 
tarsi with oil. 
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TABLE II. 


SHOWING THE RESULTS OBTAINED WITH Lucilia sericata UNDER THE FOLLOWING 
CONDITIONS OF STIMULATION: A, WATER VAPOR PLUS TARSAL CONTACT WITH 
Water; B, Water Vapor PLus TarRSAL CONTACT WITH PARAFFIN O1L; C, 
WatTER Vapor ONLY. 


A. B. ce. 
Number Water Vapor| Water Vapor 
of Plus Tarsal | Plus Tarsal | Water Vapor 
Animals. Contact with} Contact with Only. 
Water. Paraffin Oil. 





14 Lucilia sericata; 

Total number of 
EP 

Total number 


Total weight 
responses. ...... 
Per cent. of re- 











Because of the error involved in the first set of experiments 
with Phormia, another and third set was undertaken on these 
species. In these experiments the apparatus used in the first 
two sets was discarded for syracuse watch glasses containing 
cotton pads soaked in water or oil. The animals were tested: 
(1) on water soaked cotton, where they were subjected to tarsal 
contact with water plus water vapor; (2) on oil soaked cotton, 
where they were subjected to tarsal contact with oil (no water 
vapor); (3) over the water soaked cotton but not in contact with 
it, where they were subjected to the stimulus of water vapor only. 
The results (Table III.) show 100 per cent. response in position 
1 (column A, Table III.) and but 5 per cent. response in position 
2 (column B). After the trials in positions 1 and 2 were made, 
the animals were tested in position 3 where they gave 1.4 per 
cent. response (column C). In order to show that the experi- 
mental procedure had not rendered the animals less responsive, 
each animal was finally tested in position I again immediately 
after each trial in position 3. The result (column D) was 100 
per cent. response. The low per cent. obtained in position 3 
could not, therefore, be attributed to any changed condition in 
the animals. 


The results of these experiments show two facts clearly. 
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TABLE III. 


SHOWING THE RESULTS OBTAINED FROM TWENTY-FOUR FEMALES OF Phormia 
regina UNDER THE FOLLOWING CONDITIONS OF STIMULATION: A, WATER VAPOR 
Pius TARSAL CONTACT WITH WATER; B, TARSAL CONTACT WITH PARAFFIN OIL; 
C, WATER Vapor ONLY; D, SAME AS B. Tue Last Set oF TRIALS Was MapDE 
AS A CHECK. 


A, B. 5 D. 
Water Water 
i. Vapor Tarsal Vapor 
Number Plus Contact Plus 
Tarsal with Tarsal 
Contact | Paraffin Contact 
with Oil. with 


of 
Animals. 


24 Phormia re- 
gina; Q......| Total number of 


Total number of 
respomses....... 

Total weight 
responses 

Per cent. of re- 





1 Confined to 3 of the 24 animals. 


2 Two of the animals were unfit for further experimentation after the first two 
sets of trials and had to be discarded, hence the number of animals here represented 
is only twenty-two. 

8 Trials in which water vapor called forth a complete extension of the proboscis 
could not be followed immediately by another trial. This explains why there were 
only 58 instead of 66 trials. 


First, animals which gave about 100 per cent. response when 
their tarsi were brought in contact with water gave much less 
than 20 per cent. response when their tarsi were brought in 
contact with paraffin oil. Second, the response to water vapor 
alone was sufficient to account for at least part of the responses 
obtained with paraffin oil. In other words, in animals which 
were about 100 per cent. responsive to tarsal contact with dis- 
tilled water, the response to contact with paraffin oil was very 
small. The response to the oil was not zero, however, as the 
results of the third set of experiments show. Since the tactile 
stimuli of water and oil are nearly alike, the great difference in 
response can only be due to the difference in the contact chemical 
stimulation afforded the tarsi. The tarsi of these flies must, 
therefore, possess contact chemoreceptors. 
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In the second type of experiment, distilled water and a 1M 
saccharose solution were-used-as stimuli. In these experiments 
syracuse watch glasses were used, each containing a layer of 
absorbent cotton, which was saturated with the solution to be 
tested. During the first phase of these experiments the flies were 
given neither water nor food. They were tested with distilled 
water until a complete extension of the proboscis was obtained 
in each of three successive trials. A few animals failed to meet 
this requirement and were discarded. The remainder were con- 
sidered as standardized animals, 100 per cent. responsive to 
distilled water, and were subjected to further experiment. 

Care was exercised in the first two trials with water to prevent 
the animals from drinking, but at the close of the third trial 
they were allowed to drink all the water they would. Beginning 
at this point, therefore, a period of water diet was initiated. 
Trials with distilled water were continued, each animal being 
allowed to drink each time it responded. On the average, how- 
ever, the animals ceased to respond after two administrations. 
When no response had been obtained in three successive trials 
the animals were considered to have become zero per cent. 
responsive to water, a standardization which proved to be very 
accurate. The animals on which this experiment was completed 
were, therefore, selected animals which had successfully met 
two preliminary tests: (1) They had, after several hours without 
access to water, become 100 per cent. responsive to water; (2) 
they had upon administration of water, become o per cent. 
responsive to this stimulus. Out of 27 flies which had met the 
first test only 5, 3 Phormias and 2 Lucilias, failed to meet the 
second test in the time covered by the experiment. 

For purpose of comparison, each time a “no response” to 
water was obtained, during the period of water diet, the animal 
was immediately tested with 1M saccharose. Following such 
trials the legs were carefully rinsed in distilled water to prevent 
contamination in future trials. In the trial with 1M saccharose 
following the third “‘no response’’ to water, each animal was 
allowed to drink all of this solution it would. Some individuals 
“drank”’ for only a few seconds while others remained with the 
proboscis extended for more than a minute. Thus, at this point 
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the period of water diet was ended and a period of 1M saccharose 
diet begun. During this period each animal was subjected to 
five trials with water, each trial being followed, in case of no 
response, by a trial with saccharose. These experiments, there- 
fore, furnish data on the response of animals which were o per 
cent. responsive to water, to 1M saccharose during periods of 
water diet and 1M saccharose diet. 

The data from these experiments are to be found in Table IV. 
Both Phormia and Lucilia were employed, the results for the two 
species being strikingly similar. Phormias which had been 
rendered unresponsive to water by administration of the same, 
remained 93 per cent. responsive to 1M saccharose, while 
Lucilias under the same conditions remained 96 per cent. respon- 
sive. When the diet was changed from distilled water to 1M 
saccharose, the response to water continued to be zero or nearly 
so, and the response to 1M saccharose, though somewhat di- 
minished, continued to remain high: 82 per cent. in the case of 
Phormia; 80 per cent. in the case of Lucilia. Thus, the adminis- 
tration of water failed to reduce the response to saccharose 
appreciably, while the administration of saccharose reduced it 
somewhat. 

Differences were noted not only in the numbers of responses 
under the various conditions described, but in the character of 
responses as well. In general, during water diet, the response to 
1M saccharose was much more vigorous than the response to 
water. The slightest contact of the tarsi with the sugar solution 
often caused the proboscis to be extended violently and to remain 
so until the solution was washed off. Corresponding to the 
diminution in the number of responses to saccharose during 
saccharose diet, there was also some lessening in the violence of 
the reaction. It is quite clear, therefore, that the contact 
chemoreceptors of the tarsi distinguish readily between water 
and a 1M saccharose solution. 

It has been previously stated that when tarsal stimulation 
with a sugar solution failed to elicit a response, contact of the 
oral lobes at the tip of the proboscis with the solution still proved 
an effective stimulus. There are, therefore, present on the oral 
lobes contact chemoreceptors, serving as organs of taste, which 
are even more sensitive than the organs of the tarsi. 
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These results on flies are similar to those obtained by the 
author on nymphalid butterflies (Minnich, ’22a). In both cases 
the response to water can be completely controlled, while that to 
saccharose can not. In butterflies, however, the administration 
of 1M saccharose fails to alter the response to this solution at all 
while in flies, it causes a drop of about 20 per cent. In flies, ~ 
further, the period required for the response to water to become . 
100 per cent. is measured in hours, while in butterflies it is meas-- 
ured in days. This is another indication of what is evident in 
many other ways, viz., that the metabolism and activity of the 
fly are much more intense than those of the butterfly. 

Barrows (’07) observed that when one foot of a fruit fly touched 
food or a small drop of water the proboscis was immediately 
extended. He suggested that the two transparent hairs found 
beneath the claws of each front foot might contain the sense 
organs involved. B. M. Patten (’17) noted that the modified 
anterior pair of legs of the whip tail scorpion were sensitive to 
chemical stimulation including water. Similar observations 
showing the sensitivity of the walking legs to contact with food 
and other chemical stimuli in various Crustacea have been 
made by a number of investigators: Herrick (1895) for the 
lobster; Bell (’06) and Holmes and Homuth (’10) for the cray- 
fish; and Balss (13) for the prawn, Palzmon treillanus. 

These observations together with the past and present observa- 
tions of the author cover species from three classes of Arthropoda, 
viz., Crustacea, Insecta and Arachnida. The presence of contact 
chemoreceptors, serving as organs of taste, in the distal ends of 
thoracic legs must, therefore, be considered to be of general 
occurrence among arthropods. 


GENERAL SUMMARY AND CONCLUSIONS. 


1. The muscid flies, Phormia regina Meigen, Phormia terre- 
nove R.D., and Lucilia sericata Meigen, extend the proboscis 
upon appropriate contact chemical stimulation of the tarsi. 

2. The response to water varies from 0 to 100 per cent., and 
the response to 1M saccharose from 80 to 100 per cent. depending 
upon the nutritional state of the animal. 

3. By means of these reactions, it can be shown that the 
chemoreceptors in the tarsi serve as organs of taste. 
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4. These chemical sense organs can distinguish water from 
paraffin oil, and water from 1M saccharose solution. 

5. The oral lobes of the proboscis are also equipped with 
organs of taste. 


6. The chemoreceptors of the oral.lobes are more sensitive to 
1M saccharose than are the chemoreceptors of the tarsi. 
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EFFECTS OF CHANGES IN MEDIUM DURING DIF- 
FERENT PERIODS IN THE LIFE HISTORY OF 
UROLEPTUS MOBILIS. 


LOUISE H. GREGORY. 
2. THE EFFECTS OF DI-SODIUM AND DI-POTASSIUM PHOSPHATE’ 


In an earlier paper (1) results of experiments with Uroleptus 
mobilis were reported which indicate a variation in response to 
the use of a beef-flour medium according to the age of the proto- 
plasm. Young and old individuals showed an immediate slowing 
of their rate of division while mature lines were definitely stimu- 
lated. With these results at hand it seemed worth while to con- 
tinue the experiments to see if salts of various kinds would 
stimulate or depress at different age periods. 

The material and methods used in conducting the experiments 
have been the same as those of the earlier work and as usual the 
rate of division is considered an indication of the vitality of the 
protoplasm. The salts used for experimentation have been di- 
sodium and di-potassium phosphate. The latter was found to 
be a stimulant to certain hypotrichs by Woodruff (2) in 1905, 
and the former caused an increase in the division rate of Para- 
mecium (3) (Packard, 1926) and Uroleptus (4) (Austin, 1926). 

Two types of experiments have been followed in using these 
salts, (1) experiments in which the individuals were subjected 
to an initial dose of the salt for thirty minutes, after which they 
were transferred to the normal hay-flour medium and treated 
thereafter in the same way as the control series for the following 
ten days; (2) experiments in which the salt was added to the 
normal medium daily in order to insure a constant effect. 


A. THE EFFECTs OF A SINGLE DOsE. 


1. Experiments with Di-potassium Phosphate. 


Sixteen experiments on thirteen different series have been 
conducted. In each experiment the individuals were placed in 
three drops of N/1000 K,HPO, for thirty minutes and then were 
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transferred to the normal medium. Table I. shows the results 
of these experiments, giving the age at the time of the experiment 
and the amount of variation from the control series of the 
number of divisions per line for the ten days. 


TABLE I. 


EFFECTS OF AN INITIAL DOSE OF DI-POTASSIUM PHOSPHATE ON PROTOPLASM OF 
VARYING AGES. 


Av. No. Divisions | Av. No. Divisions | Amt. of Variation 
Age in per Line in per Line in in Division 
Gen. to-day Periods, 10-day Periods, Rate per Line in 
Experimental Series. Control Series. 10-day Periods. 
16 10.4 13.2 —2.8 
18 7.4 13.0 —5.6 
17 6 10.6 —3.0 
23 4 8.4 —1.0 
57 15.2 13.4 +1.8 
63 13.8 11.0 +2.8 
80 13.8 10.0 +3.8 
156 9.6 9. + .4 
168 6.6 9. —2.4 
192 9. | +2.2 
212 13. — 4 
261 8 7.8 —2.0 
280 . 7.8 | +1.8 
295 : 10.0 — 4 
77 276 ; . —2.4 
69 284 J — 4 














In the first four experiments where the age of the protoplasm 
varied from the 16th to the 23d generation the treatment with 
the salt caused a lowered rate of division varying from one to 
three divisions per line less than that of the control series. The 
next ten experiments with lines whose age varied from the 57th 
to the 298th generation gave results which showed in six cases an 
increase in the division rate and in four a slight decrease. In no 
case was the change or variation from the control series very 


marked. In the last two experiments there was no stimulation 
of the vitality. The old lines were slightly depressed. Thus as 
in the experiments with the beef-flour medium, the young series 
are depressed by the potassium phosphate, the older lines too 
show a slower rate, while the intermediate individuals may be 
slightly stimulated by the treatment. 





EFFECTS OF CHANGES OF MEDIUM. 


2. Experiments with Di-sodium Phosphate. 


Two parallel experiments were carried on with di-sodium 
phosphate as the initial treatment. In one set a N/1000 solution 
of NasHPO, was used for the 30-minute initial dose, in the other 
set a N/7000 solution of the same salt was used. The latter 
strength was selected because it gives approximately the same 
percentage of sodium when added daily to the normal medium 
as that which caused a distinct increase in the rate of division of 
Paramecium (Packard) and of Uroleptus (Austin). Table II. 
gives the results of these experiments. 


TABLE II. 


THE EFFECTS OF AN INITIAL DOSE OF DI-SODIUM PHOSPHATE ON PROTOPLASM OF 
VARYING AGES. 


Av. No. Divisions Amt. of Variation 
per Line in Av. No. Divisions | im Division Rate 
10-day Periods, per Line in per Line in 
Experimental Series.| 19-day Periods, 10-day Periods. 
——| Control Series. 


N/t000. | N/7000. N/t1000. | N/7000. 


11.6 8.8 wd —4.2 
13.6 


10.2 


9.8 


6.2 





At this time series 129 B was the only young series available 
for experimentation. This series was in the 18th generation and 
after the treatment with both the stronger and weaker solution, 
the division rate was lowered 1.4 divisions per line in the one 
case and 4.4 divisions per line in the other case as compared with 
the control series. The other nine experiments with individuals 
that varied in age from the 63d to the 295th generation showed 
the varying results that are characteristic of mature protoplasm, 
the majority being stimulated by the treatment. A few were 
slightly depressed and there was but little difference in the effects 
of the two solutions. 
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These results when considered alone are too few to allow 
any definite conclusions to be drawn, but when they are con- 
sidered in the light of the preceding experiments with potassium 
phosphate and previous ones with beef-flour they indicate the 


same variations in the response of the protoplasm at different 
ages. 


B. Tue Errects oF DAILy STIMULATION WITH DI-POTASSIUM 
AND D1I-sopDIUM PHOSPHATE. 


1. Experiments with Potassium Phosphate. 


Initial experiments were conducted with series 133 at a period 
of early maturity in the 104th generation in order to determine the 
most favorable amount of K,HPO, to be added to the normal 
medium. Five series of five lines each were kept for ten days in 
a medium consisting of normal hay-flour mixture to which 
potassium phosphate in different densities was added. The 
results showed that the individuals kept in a medium to which 
had been added daily N/5000 KzHPO, gave the highest division 
rate averaging 5 divisions per line more than that of the control 
series. This strength of solution therefore was used in all of the 
experiments with potassium phosphate. Table III. shows the 
results of these experiments. 


TABLE III. 


EFFECTS OF POTASSIUM PHOSPHATE ADDED Daily TO NORMAL MEDIUM. 


Ave. No. Ave. No. Amt. of 
Divisions Divisions Variation 

| per Line in per Line in in Division 
No. Gen. 10-day Periods, | 10-day Periods, | Rate per Line 
Experimental Control in 10-day 
Series. Series. Periods. 


Series Age in 


14.6 16.0 —1.4 
14.8 16.0 | —1.2 
14.6 10.2 +4.4 
20.6 15.6 +5.0 
18.8 | 16.6 +2.2 
14.8 7.0 | +7.8 
14.6 | 12.0 +2.6 
15.8 | 15.6 | + .2 
11.8 | 7.8 +4.0 
9.6 9.2 T 4 
8.6 8.8 — .2 
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Two young series 131 B and 129 B in the 20th and 58th 
generation respectively were transferred daily for ten days to the 
potassium-hay-flour medium. Both series as a result of the 
treatment showed a lowered vitality and a slower division rate 
than the control series. In the 80th generation however, 129 B 
was definitely stimulated when again treated daily with the 
potassium-hay-flour medium, dividing 4.4 divisions per line more 
than the control series. Series 133 was treated in the same way 
in the 104th, 122d, 192d, and 212th generation for ten days 
each and at each period the division rate was increased over 
that of the control. 

Series 131 was treated three times with the potassium-hay-flour 
medium. In the 220th generation it was but slightly stimulated 
during the ten days in the medium. In the 280th generation 
the division rate rose to 4 divisions more per line than the control 
series and finally in the 300th generation, the rate dropped to 
but .4 divisions per line more than the control series. This was 
a vigorous series throughout all of the experiments and probably 
the usual old age reaction was only beginning in the 300th 
generation. As has been clearly shown by Calkins (5) in his 
study of this species, the various series differ in the length of 
life and also in general vitality. Some series live a long life with 
a moderate division rate which diminishes gradually during old 
age, others have a high division rate, respond definitely to changes 
in the environment and then die out quickly. Series 133 seems 
to have been more like the latter type while series 131 always 
showed a more moderate division rate which was less easily 
changed by variations in the environment. 

The oldest series (128) in the 295th generation showed a slight 
depression in its vitality when treated with the potassium-hay- 
flour medium. These results seem again to indicate that potas- 
sium used as a constant addition to the normal medium, causes 
the same changes in vitality as when it is used as an initial dose; 
the youngest lines are depressed, the mature ones are stimulated 
while the old lines are only slightly effected if at all. 

The hydrogen ion concentration of the potassium-hay-flour 
medium used in all the above experiments was 7.2 which is that 
of the normal medium. When testing for the most favorable 
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amount of Kz,HPO, to be added to the normal medium, as men- 
tioned above, the pH was taken of the different solutions and 
found to vary from 7.8 in the medium plus NV/1000 K,HPO, to 
7.1 in the medium plus N/6000 K,HPO,, and the greatest division 
rate was found among the individuals living in the medium to 
which had been added a solution of N/5000 K,HPO, and which 
showed a pH of 7.2. 

The results of experiments in this connection are shown in 
Table IV. Two experiments were conducted with five series of 
different ages. The experiments were identical except for the 
fact that in one the potassium solution was made up with 
distilled water and added to the normal medium, which then 
had a pH of 6.8, while in the other experiment the potassium 
solution was made as usual with spring water and the resulting 
medium showed the normal pH of 7.2. In every experiment the 
distilled water series showed a lower division rate than that of 
the spring water series and also than that of the control series 
except in one instance. The youngest series 131 B in the 20th 
generation divided 3.8 divisions less per line than the control 
series and the oldest series 128 in the 295th generation was also 
depressed and divided 3. divisions less per line than the control. 
Series 133 in the 122d generation was the only series that was 
able to live in the unfavorable medium without showing depres- 
sion. Here the protoplasm was in the early stage of maturity 
and apparently could adjust itself more easily to the changed 
conditions. Undoubtedly an acid condition creates an unfavor- 
able environment in which the youngest and oldest individuals 
are unable to maintain their normal activity. The method of 
distillation of the water may be an additional factor in causing 
depression. However, when the solutions are made with spring 
water and have the same hydrogen ion concentration as has been 
the case in all the experiments with this one exception, some 
other explanation must be sought to explain the variation in the 
response of protoplasm of different ages. 


2. Experiments with Di-sodium Phosphate. 


In all of the experiments in which Uroleptus mobilis was kept 


in a medium to which sodium phosphate was added, the amount 
13 
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of sodium used was that found by Packard to cause a definite 
increase in the division rate of Paramecium. The same amount 
was also used by Austin in her experiments with the life history 
of Uroleptus. This amount was approximately a N/7000 solu- 
tion of NasHPO, which was added to the spring water and used 
in diluting the hay-flour medium. 

Eleven experiments were carried out for ten day periods with 
protoplasm of different ages and the results are shown in Table V. 


TABLE V. 


EFFECTS OF SODIUM PHOSPHATE ADDED Daily TO THE NORMAL HAy-FLOUR 
MEDIUM. 


Av. No. Divisions | Av. No. Divisions | Amt. of Variation 


Series | Age in per Line in per Line in | in Division Rate 


No. | Gen. 10-day Periods, 10-day Periods, | per Line in 
Experimental Series.| Control Series. | 10 Days. 


129 B 18 | 16.6 | 13.0 +3.6 
131 B | | 15.2 10.0 | +5.2 
129 B 14.4 10.2 +4.2 
133 21.4 17.0 +4.4 
133 16.4 7.6 | +8.8 
131 j 19.7 16.0 3-7 
133 13.6 7.0 | +6.6 
133 | 14.8 12.0 | +2.8 
131 22.8 10. +2.0 
131 10.4 7 +2.6 
131 11.8 | 9. | +2.6 











In every experiment regardless of the age of the series there was 
an increase in the division rate. There was however, a marked 
difference in the amount of increase according to the age of the 
protoplasm. The youngest series, 129 B in the 16th generation, 
was stimulated to divide 3.8 divisions more per line than the 
control series. In the 80th generation the same series increased 
its division rate to 4.2 divisions more than the control series. 
Series 131 B in the 40th generation was 5.2 divisions per line 
ahead of its control series. Series 133 in the goth generation 
exceeded the control series by 4.4 divisions per line, in the 144th 
generation by 7.4 divisions per line, in the 192d generation by 
6.6 divisions and in the 212th generation by 1.8 divisions per 
line. Series 131 was stimulated in the 179th generation and 
showed a division rate of 3.1 divisions ahead of its control series. 
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In the 245th generation the increase over the control fell to 2. 
divisions per line above the control and maintained this same 
variation when stimulated in the 300th generation. Thus in 
every case the sodium phosphate when a part of the normal 
medium caused an increase in the vitality of the protoplasm | 
but the amount of the increase varied, being greatest in the 
height of maturity and less in the period of youth and least in 
the commencement of old age. 


CONCLUSIONS AND SUMMARY. 


The foregoing experiments seem to indicate a variation in the 
response of Uroleptus mobilis to a single treatment with salts or 
to a constant addition of salts to the normal medium. Di- 
potassium and di-sodium phosphate when used as an initial dose 
and di-potassium phosphate when added daily to the normal 
medium cause a distinct depression of the vitality of the young 
series, in general a stimulation of the more mature individuals, 
and a slight depression as the protoplasm increases in age. These 
results agree in the main with those from the beef-flour treatment. 
If the hydrogen ion concentration of the medium falls much 
below that of the control, the depressing effects are more marked 
in both the young and old series and the stimulating effect on 
the immediately mature individuals is almost obliterated. The 
increase in acidity may not have been the only cause of the 
depression as Hartmann (6) found the method of distillation of 
the water used in his experiments to be an important factor in 
maintaining a normal culture of Eudorina elegans. When 
sodium phosphate is used as a constant stimulation there is a 
gener.l increase in the division rate of all ages, but that exhibited 
by the young and ageing protoplasm is markedly less than that 
seen in the intermediate lines. The sodium must increase the 
permeability of the cells but if this were the whole explanation 
we should expect to have approximately the same increase in 
division rate for all the individuals. There seems to be a weaken- 
ing of the power of adjustment in both the young and old series, 
in the former possibly the derived organization has not yet 
become established and in the latter there is possibly an increasing 
stability or a loss in lability of the protoplasm with advancing age. 
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The complete histories of several series showing their response 
to treatment at different periods in the life cycle would indicate 
clearly this variation in the activities of the protoplasm. Further 
experiments are planned to emphasize this point showing the 
instability of youthful protoplasm, the gradual increasing ability 
of maturing protoplasm to adjust itself to changes in its medium 
and finally the loss of this power as old age advances. 

These experiments with potassium and sodium phosphate 
using series of different ages as well as the same series at different 
periods in its life history, add further evidence to the theory of 
Calkins (5), that changes are taking place in the derived organiza- 
tion of the protoplasm of Urolepius mobilis throughout the life 
cycle. These results can not be explained as ordinary variations 
in the division rate as the numbers of experiments are too many 
and the results too uniform; neither can they be due to varia- 
tions in the hydrogen ion concentration as that has been main- 
tained practically the same as that of the control save in the one 
experiment. Under certain conditions a low hydrogen ion con- 


centration may be a secondary cause of the variation in response, 
but the primary, underlying cause must be sought in the condition 
of the protoplasm itself, its organization changing as the series 
passes from the period of youth or immaturity, through one of 
maturity and finally into that of old age. 


BARNARD COLLEGE, 
COLUMBIA UNIVERSITY, 
New York Clirty, 
April, 1926. 
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ON THE STERILIZATION OF DROSOPHILA BY HIGH 
TEMPERATURE. 


WILLIAM C. YOUNG anp HAROLD H. PLOUGH, 


FROM THE BIOLOGICAL LABORATORY OF AMHERST COLLEGE, AMHERST. 


Breeding experiments with Drosophila melanogaster at high 
temperatures have demonstrated that at a point 5° C. to 9° C. 
above the normal optimum of 24° C. no offspring are produced 
after one generation. This fact was first noted by Northrop (1) 
for a single stock. Plough and Strauss (2) showed that the 
exact temperature at which complete sterilization occurred varied 
with different stocks, but was approximately constant for any 
particular one. In all cases a temperature was found which 
produced complete sterilization after an exposure of four days 
or more, even though adult flies continued to live for some time 
at this temperature, and newly laid eggs developed, pupated and 
went through metamorphosis normally enough. The additional 
fact was noted by all these workers that flies thus sterilized 
would usually recover normal fertility if they were replaced for 
a day or two at a temperature of 24 degrees. Northrop stated 
however: ‘‘If after they have emerged from the pupz they are 
left longer than ten days at the higher temperature the injury 
becomes permanent and they are no longer able to produce eggs 
capable of development at any temperature.” 

Attempts to explain this sterility in terms of effects on the germ 
cells have not been entirely successful. Northrop stated, though 
without crucial evidence, that ‘“‘Imagos raised and kept perma- 
nently at a temperature of 30 degrees, are unable to produce eggs 
capable of development at this temperature.’’ Plough and 
Strauss demonstrated that this could not be the correct explana- 
tion by crossing both males and females hatched at 31 degrees 
to females and males respectively bred at 25 degrees, carrying 
the crosses at 31 degrees. Most of the 31 degree females mated 
to normal males gave offspring at 31 degrees, and about half of 
the 31 degree males likewise. The actual figures summarized 
from Plough and Strauss, Table II., are: 
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Fertile Cultures. Sterile Cultures. 
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In spite of the excess in the number of fertile cultures from 


females this result was taken to indicate that ‘‘neither the eggs 
nor sperm are injured by exposure to 31° C.”’ Cytological exam- 
ination showed that apparently normal eggs and sperm were 
present in flies sterilized by heat, and copulation was observed 
between these flies at the high temperature. Plough and Strauss 
thus summed up the matter: “The reason for the failure to 
produce offspring after the first generation seems to lie either 
in a failure of the sperm to reach the eggs,—that is unsuc- 
cessful copulation—or in the failure of the fertilization process 
itself.’ 

Further investigation of the question was delayed until the 
winter of 1924-5 when one of us—Young—was making a series 
of tests designed to determine whether strains of flies showing 
differing degrees of toleration of high temperature could be 
isolated from a single mass culture of a wild stock. The results 
of this series of tests will be reported elsewhere, but the experi- 
ments offered an excellent opportunity to settle the question 
raised above. 

An examination of the Plough and Strauss data quoted above 
shows only that eggs and sperm are not injured by exposure to 31 
degrees in every case. Sterile cultures did occur, and a com- 
parison of the relative numbers suggests, in addition, that males 
are more likely to be sterilized than females. Since the 31 degree 
flies used were not actually tested and shown to be sterile at 31 
degrees, but were taken from susceptible stocks (7.e., stocks which 
ordinarily failed to reproduce at 31 degrees), it is possible that 
some of the flies which gave offspring in crosses might have 
been fertile even if they had been mated inter se at 31 degrees. 
For these reasons we returned to the question of the possible 
injury to the germ cells of the flies by high temperature, and made 
more extended breeding tests, and more careful cytological 
examination of the gonads from flies sterile at 31 degrees. Most 
of the breeding tests were made by Young, while the remainder 
together with the cytological study were made by Plough. 





STERILIZATION OF DROSOPHILA. 


EXPERIMENTS. 


The Drosophila stocks used for the tests were for the most 
part taken from a wild stock culture collected at Canton, Ohio, in 
September 1924, but for certain of the experiments other stocks 
were used as indicated. They showed a varying degree of 
toleration of high temperature as recorded by Plough and Strauss, 
but even though the critical temperature was different for 
different stocks each could be rendered sterile at some particular 
temperature. Even when a culture showed sterility it was 
observed that copulation between the flies takes place, and that 
eggs were laid in numbers roughly equal to those from similar 
flies at normal temperature. Since these eggs appear to be nor- 
mal and since virgin females are known to lay eggs under normal 
temperature conditions, the conclusion is again suggested that 
the sterility at high temperature is caused by some failure to 
function on the part of the males. 

Further data similar to those of Plough and Strauss were 
first collected. A series of lines of Canton stock were being run 
at 31 degrees. Since this temperature is close to the limit at 
which this stock can be bred, it was found that several strains 
usually showed sterility in each generation. There was a high 
degree of constancy in the reaction to temperature of these 
strains, some failing regularly after one generation, others running 
along for several generations normally. Matings were made at 
31 degrees between both males and females from a number of 
these lines and flies of the opposite sex from the same strain 
carried continuously at 24 degrees. Normal flies of this stock 
are always fertile for at least one generation at 31 degrees. Ifa, 
culture of the 31 degree stock showed sterility, then it might be 
supposed that the mating of sibs of this strain to the 24 degree | 
stocks would indicate whether one sex rather than the other was 
responsible for the failure. The cultures in all cases contained 
five pairs of flies each, and a summary of the tests is given in 
Table I. 


A comparison of the totals in this table emphasizes the sug- 
gestion of the summaries of the similar tests of Plough and 
Strauss, namely that most of the males from a culture at 31 
degrees are sterile, while most of the females are fertile. This 
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TABLE I. 


TrEsts RUN AT Tee: DEGREES. 





o' Hatched at 31° 
X 2 at 24°. 


9 from 31° 


Controls X oO from 25°. 


(Sibs of Tested 
Flies at 31°). Epeaee rng paan ers 





Fertile—16 
Sterile—12......... 


Sterile. Fertile. = Sterile. Fertile. 








Total Cultures...... 





becomes still more significant when the figures are examined in 
comparison with the corresponding controls. Where these were 
fertile, all of the females were fertile, yet one half of the males 
were sterile. Apparently the males of a culture begin to be 
sterilized by heat before there is any effect on the females 
whatever. When the controls were sterile, in only one out of 
twelve cultures did the males show fertility, while about half of 
the females are affected and half are still fertile. It would 
appear that high temperature causes at least partial sterilization 
of the males at a point where the females are largely unaffected. 
Eventually at least some of the females are sterilized. It was 
noticeable that in the strains showing a high degree of tolerance 
for 31 degrees, the males only showed sterility. 

In order to establish these facts beyond question it seemed 
wise to run a more extended series of matings to normal stock 
using cultures each of which was actually known to be sterile 
at high temperature. A series of cultures of flies of different 
strains was placed in the incubator at 32 degrees. This is 
sufficiently high to cause sterility in nearly all strains after the 
first generation, and in every one of the cases tabulated this was 
the result. Each fly was then mated to another of the opposite 
sex which had been hatched at the optimum temperature of 24 
degrees, and all were replaced at 32 degrees. The results of 
these tests are given in Table II. 

The totals show that from cultures which gave no offspring at 
high temperature, 96 per cent. of the males were actually sterile, 
while only 50 per cent. of the females were affected. More 
detailed analysis makes plain the fact already demonstrated by 
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TABLE II. 


FLizs STERILE AT 32°. REMATED AND CONTINUED AT 32°. 


The numbers given refer to individual flies. 


—=— 





o' from 32° 9 from 32° 
X 2 from 25°. X Oo from 25°. 


Sterile. Fertile. Sterile. Fertile. 





(1) Porto Rico I 
(2) Canton 

(3) Amherst 

(4) Prague 
Cs 5 gra i ca ore oor eet 
COR NE is a'si.a alee ao aren 








Plough and Strauss, by Strauss (3), and by the unpublished work 
of Young mentioned above, that stocks show differences in their 
reactions to high temperature, some being much more tolerant 
than others. In the most tolerant stocks—Porto Rico and 
Canton—there is a clear differential effect such that the males 
are rendered completely sterile while the females are unaffected. 
In less tolerant stocks like the Prague and Amherst cultures the 
females show some effect, though it is not so great as in the case 
of the males. In mutant stocks like spineless and brown there 
is much less resistance and both sexes are rendered completely 
sterile. From these and other data there is evidence that at a 
temperature somewhat lower than 32 degrees even these stocks 
show the same differential sterilization of the males without any 
effect on the females. 

Turning now to experiments designed to test the length of 
time required for flies sterile at 31 degrees to recover fertility 
when returned to 24 degrees, we find this selective effect of high 
temperature on the male flies again clearly demonstrated. This 
recovery of fertility—first noted by Northrop as indicated above 
—was shown by removing cultures from the 31 degree incubator 
at intervals and placing them in new bottles at 24 degrees. 
Controls were furnished by cultures of normal flies bred con- 
tinuously at 24 degrees, and also by females from the sterile 31 
degree cultures mated to normal males. In all cases the bottles 
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contained five pairs of flies each, so that individual differences 
are largely eliminated from the result. The time of the appear- 
ance of the first eggs and first larve are noted in each case, and 
the data are tabulated in Table III. 


TABLE III. 


CANTON STOCK CULTURES STERILE AT 31°, REMOVED AND PLACED AT 24°. 


No. Average | Average | No. 
Days No. | No. Days} No. Days} Cultures 
Description. at 31° Cul- before | before Failed 
after tures. Eggs Larve to 
Hatching. Appeared.|Appeared.| Recover. 


so . sissaieiaath iiediiebieetiaiiaise 
Flies bred at 24° continu- 

} 
ously nat | o 5 


Females from sterile cul- | 

tures X males bred at | 
a... nc ea as coe 10 
(9 only) | 


Sterile 31° cultures. 2 


6 


| 
| 
| 
} 
' 
| 


(124%) 
10 | 6 5 I 
(16.6%) 
13 | 43 “s | 5 
| | (38.4%) 





For the cultures recorded in Table III. the date of the first 
adult flies was recorded also, but is not noted in the table since 
the average number of days between the appearance of larve 
and the emergence of imagos was the same in all cases—about 
six days. The second line in the table affirms the result given in 
Tables I. and II., namely that females are not affected by a tem- 
perature of 31 degrees and their eggs develop as soon as fertilized. 
The remainder of the table therefore indicates the effect of the 
high temperature on the male flies. The females begin to lay 
eggs at once, but they do not lay eggs which develop until a period 
of seven to nine days has elapsed. The time when fertile eggs 
begin to be laid bears only a slight relation to the length of 
exposure to high temperature after hatching, but the last column 
showing the number of cultures which failed to recover, indicates 
that more males never regain fertility after a longer exposure. 
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The experimental data apparently demonstrate that high 
temperature has a differential action on the germ cells of Droso- 
phila such that males are rendered completely sterile at a point 
at which females are uninjured. This effect is permanent as 
long as the temperature is maintained, but male flies will recover 
normal fertility if returned to the optimum temperature for a 
variable period. Longer exposures, however, tend to greatly 
increase the number of male flies which are permanently sterilized. 
Apparently raising the temperature still higher eventually 
sterilizes the females as well, and finally kills the flies. 


CYTOLOGICAL OBSERVATIONS. 


Sections of testes and of ovaries from flies which failed to 
produce offspring at 31 degrees were made, and compared with 
similar sections from normal flies of the same age. In addition 
the spermathece and ventral receptacles of females of the two 
sorts were examined both whole in Ringer’s solution and in 
stained sections. 

Study of these preparations adds very little to the facts al- 
ready shown by experiment, though it confirms these. In none 
of the sections is it possible to discover any difference in the 
cytological picture between normal ovaries and ovaries of females 
from sterile cultures, except that the latter appear to be smaller, 
with fewer eggs at similar stages. Sections of the widened end of 
the testis just about at the point where it joins the vas deferens 
were studied in a sterile male and in a normal male respectively. 
The testes were taken from flies one group of which had been 
hatched and kept at 31 degrees for twelve days and the other at 
24 degrees for the same time. The spermatozoa in the latter 
completely fill and distend the surrounding membrane. The 
same region in a sterile male is partially collapsed, and contains 
only a few scattered sperm. In other sections even these are 
absent. In portions of the testis slightly further up one can see 
a few cells which are probably spermatocytes together with 
some spermatozoa. At about the same place in testes from ster- 
ile flies only masses of spermatozoa appear. These seem to be 
shrunken away from the wall in masses and appear to be under- 
going degeneration for neither their size nor arrangement is nor- 
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mal. In other sections from sterile males degeneration is also 
suggested for the sperms are decidedly reduced in number, have 
lost their orderly arrangement in masses in the testis, and seem 
shrunken in compact irregular aggregations. Apparently a few 
pass down into the vas deferens but these are probably not func- 
tional. 

Ventral receptacles of females from sterile and fertile cultures 
respectively were also examined. Actual dissection of such 
flies in Ringer’s solution shows clearly that spermatozoa are 
present in the receptacles of normal flies, but they can not be 
found in the females from sterile cultures. The sections simply 
confirm these findings. Masses of sperm can be seen clearly to 
fill the lumen of the receptacles of flies from normal cultures while 
ducts of flies from sterile cultures are empty. These observa- 
tions prove that even though the male and female flies of sterile 
cultures copulate no transference of sperm to the receptacles of 
the females takes place. 

Beyond these facts cytological study reveals little. The testes 
of sterile flies are smaller on the average, and there is some 
suggestion of disorganization in the cells in the lower portion, 
but this is not constant. However it has been shown above 
that exposure of the adult males to 31 degrees for ten days or 
more produces sterility from which a certain number do not 
recover when they are placed at 24 degrees. If only the sperma- 
tozoa are affected, it is hard to see why this should happen. 
The data showing the recovery of the male flies suggests a pro- 
gressive sterilizing effect beginning with the sperms and even- 
tually reaching cells at earlier stages. Only when the !atter 
occurred would the male fail to recover fertility when placed at 
24 degrees. 

It is interesting that one pair of testes greatly reduced in size 
was found in a sterile male and sectioned separately. Both 
testes appear to have been but empty shells for neither spermato- 
zoa nor any clear germinal tissue whatever were present. This 
may have been a degenerative change produced by high tempera- 
ture, but such testes occasionally appear in normal stock. None 
did appear among the controls examined, however. 

The cytological observations therefore confirm the breeding 
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tests by showing that a temperature of 31 degrees sterilizes male 
flies, with little or no effect on the females. The sterility appears 
to be caused by some degenerative effect on the spermatozoa, 
such that all become non-motile, and eventually may be killed. 
Recovery apparently consists in the formation of spermatozoa 
anew from cells in the growth period or earlier. 


DISCUSSION. 


These facts are of especial interest when considered with others 
recently recorded. Cells of the male germ line are here shown to 
be much more sensitive than eggs or other tissues to a rise of 6 
or 7 degrees in a cold-blooded animal, the fruit fly. C. R. 
Moore (4) has given similar evidence of the sensitiveness of the 
male germinal epithelium in warm blooded animals in his exten- 
sive studies on experimental cryptorchidism in mammals. He 
finds that when testes are exposed to the higher temperature of 
the peritoneal cavity rather than the scrotum there follows a 
rapid and progressive degeneration of the germinal cells. Such 
testes show progressive recovery when returned to their normal 
position. Bluhm (5) has given interesting evidence of the greater 
sensitivity of spermatozoa of mice to drugs (alcohol, caffein, etc.) 
since a portion of one class of spermatozoa, the female producing, 
become non-functional. Further the recent tests of Mavor and 
DeForest (6) on the sensitivity of eggs and sperm of Arbacia to 
X-rays show a much greater sterilizing effect on the sperms at 
all doses. Evidently the male germ cells are much more sus- 


ceptible than eggs or other cells of the animal body to external 
influences. 
SUMMARY. 


1. High temperature has a differential effect on the germ cells 
of Drosophila such that males may be rendered completely ster- 
ile at a point at which females are still completely fertile. 

2. This effect on the males is permanent as long as this tem- 
perature is maintained, but most males will recover normal 
fertility after being returned to the optimum temperature. 

3. Exposures to 31° C. of over ten days tend to increase 
greatly the number of flies which are permanently sterilized. 

4. Examination of the testes of sterile males shows that high 
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temperature causes loss of motility of the sperm, with progressive 
aggregation and degeneration. Few or no sperms are found in 
the lower end of the testis and the vas deferens. 

5. Although such males copulate with females at high tem- 
perature, no sperms pass into the ventral receptacles of the 


females. 
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ON THE LUMINESCENCE OF MICROSCOLEX 
PHOSPHOREUS DUG. 


STANISLAW SKOWRON. 


FROM THE ZOOLOGICAL STATION, NAPLES, ITALY, AND THE BIOLOGICAL 
LABORATORY OF THE UNIVERSITY, CRACOW, POLAND. 


In spite of several papers describing observations on the 
luminescence of different species of earthworms, there are still 
some uncertain points which deserve further investigation. In 
Mangold’s (’14) article, which discusses thoroughly the power of 
luminescence in all groups of plants and animals, the conclusions 
lead to the assumption that the production of light in these 
animals is due to infection by luminous microorganisms or fungi, 


which may be present in places where earthworms obtain their 
food. Dubois (’14) and Linsbauer (’17) were unable, however, 
to show in the luminous slime any luminous microérganisms, 
which is a strong argument against the view of the bacterial 
origin of luminescence in this group of the animal kingdom. 
Gilchrist (19) working on the South African earthworm species 
Chilota, describes many observations and experiments which 
seem to show that the luminescence in this species is not bacterial. 
Quite recently, however, Pierantoni ('24), according to his 
“hereditary symbiosis theory,’’ believes that Microscolex phos- 
phoreus owes its luminescence to symbiotic bacteria living inside 
the cells of its body. It is the purpose of this paper to show 
how the luminescence in Microscolex originates, and which 
opinion rests upon a sounder basis. 


OBSERVATIONS AND EXPERIMENTS. 

Microscolex phosphoreus,? a small earthworm with clitellum 
situated near the anterior part of the body is easily to be found 
in Naples and its environs. If the animal be kept undisturbed, 
one cannot observe the production of luminous slime, which is 


1 This work was done while holding the International Education Board Fellow- 
ship. 


? | wish to thank Mr. G. E. Hutchinson for his help in identifying the earthworms. 
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discharged only on mechanical, chemical or electrical stimulation. 
It may be mentioned here that all the specimens of Microscolex 
phosphoreus examined by me were found to be luminescent. In 
free living animals the small hard particles of the soil may pro- 
duce, by irritating the skin, the necessary stimulus for the 
secretion of the slime, which glows brightly with a yellow- 
greenish tinge. The slime is usually ejaculated from the anal 
aperture, and only in some specimens kept previously for a 
longer time undisturbed, did the slime flow also from the mouth 
opening. The posterior and the anterior end of the alimentary 
canal were the only two points at which the production of 
luminous slime was observed. As all these observations were 
carried out under the binocular microscope it is quite certain 
that the glands of the skin and the excretory system do not take 
part in the secretion of luminous slime. If the animal be 
wounded, however, on any point of the body, the luminescent 
slime flows from this part, the clitellum not being an exception. 
Nevertheless the luminous material does not arise from the 
alimentary canal, because in such cases the luminescence appears 
when the wound has not reached the intestinum. An injury 
of the body cavity is sufficient in itself for a production of 
luminous slime, which does originate, therefore, from the coelomic 
fluid. This fact was corroborated by microscopical observations. 
A freshly discharged slime is composed chiefly of round cells with 
many, strongly light-refracting granules, scattered inside the 
protoplasm. Cells of this kind are found abundantly in the 
body cavity. Besides the uninjured cells, a certain amount of 
free granules, liberated by breaking of the cells, is always sus- 
pended in the fluid. I wish to call attention to the fact that 
both the size of those cells, and the structure of the intestinum, 
excludes the possibility of any other way of reaching the alimen- 
tary canal by the cells, except by preformed openings at its 
posterior and anterior end. That the communication with 
the body cavity is possible in Oligochzxta was also shown by Gil- 
christ in Chilota, though in Microscolex the posterior rather than 
the anterior part of the intestine is the chief point at which 
ejaculation of the luminous slime occurs. Benham (’99) found 
that in the New Zealand earthworm, Octochetus multiporus, the 
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cells of the luminous slime take their origin from the body 
cavity. The fluid is discharged, however, “from the dorsal 
pores and from the mouth, which it reaches through the pepto- 
nephridia opening into the buccal cavity.”” These observations 
show clearly that it is most improbable that the granules alone 
(Pierantoni’s bacteria) may pass through the connective tissue 
and two layers of muscular system until they reach the glands 
of the skin as Pierantoni seems to believe. 

The next task was to find out whether the cells or the granules 
alone have the power of luminosity. To test this the luminous 
extract, obtained by grinding up the whole animals, which easily 
passes through ordinary filter paper without loosing its lumi- 
nescence, was centrifuged for 15 min. The centrifuged fluid 
in which only granules were seen could be made luminous on 
addition of a few drops of ether. After filtration through bac- 
teriological filters, however, no light was observed upon treat- 
ment with ether. The granules therefore must be regarded as 
a luminous material in Microscolex. This agrees with Gilchrist’s 
observations on Chilota. 

It was noticed that the power of the ejaculation of the slime 
is directly proportional to the degree of the irritability of the 
nervous system. Luminous microdrganisms, however, glow con- 
tinually, and are not affected by nerve stimulation when living 
in luminous organs of some other forms (in certain fishes. and 
cephalopods). A lowered temperature also affects the lumi- 
nescence, probably by the lessened irritability which is especially 
noticeable if the animals be kept for a long time at 8°-10° C. 
[In connection with this I should like to mention the day-night 
rhythm of luminescence in Microscolex. It was observed that 


if stimulated, the animal discharged more easily the luminescent 
slime during the night than in the daytime. It can be shown 
that this rhythm does not result from an inhibition by light, 
because the strong arc lamp and sunlight have no visible effect 
on luminescence. It is possible that this rhythm may be ex- 
plained by the general lower irritability of the animals during 
the daytime. 


Before the characteristics of the luminescence wil! be discussed, 
it must be stated that if the properties of the luminous slime be 


14 
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compared with those of an extract from the ground worms, it is 
easy to find a very striking difference. The slime continues to 
glow for about half an hour if kept moist, while on the contrary 
the light of the extract dies quickly, and on addition of water, 
immediately. Filter paper saturated with slime gives off light 
after an hour and a half if moistened; the dried extract, however, 
prepared from the ground worms, does not show any lumines- 
cence. It is difficult to explain these facts by oxydation of lumi- 
nous material alone, especially as the experiments of Gilchrist 
show that pure luminous slime of Chilota mixed with water glows 
brightly for over two hours. Acidity does not seem to play an 
important réle in the above mentioned observations, as solutions 
with different pH did not prolong the luminescefice. It seems 
more probable that this difference may be due to some enzymes 
liberated from the cells by grinding, which have an inhibiting 
effect upon the luminous material. 

If to luminous bacteria some chloroform or ether be added, 
the light becomes fainter and dies out quickly. On the contrary 
the extract from certain luminous animals such as Pelagia gives 
a bright flash of light on addition of fresh or distilled water, ether, 
saponin, etc. (E. N. Harvey, A. R. Moore). The extract of 
Microscolex reacts like that of Pelagia. Of the cytolytic sub- 
stances tried—ether, chloroform, saponin, sodium glycocholate— 
only ether gives positive results. The light was however never 
as bright as in the living animal, but still visible. Owing.to the 
rather small size of the animals it was difficult to experiment 
with pure luminous slime, but a few observations showed that 
in this case the action of the cytolytic substances were more 
clearly seen. Ether and chloroform produce the brightest 
luminescence of luminous slime of Microscolex and the same 
effect was observed by rubbing it with a finger. 

E. N. Harvey supposes that the action of cytolytic substances 
may cause the cyto- or granulolysis of luminous bodies. In 
Microscolex it was difficult to observe directly the changes in the 
granules themselves, but after a longer time the slime treated 


previously with ether shows swelling of the luminous granules. 
It may be remarked that NaF in 1.5 per cent. concentration 
has no inhibiting effect on luminescence of the slime or the extract 
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of Microscolex. The light of free living luminous bacteria, how- 
ever, ceases quickly in this solution and the same was observed 
by E. N. Harvey on the symbiontes multiplying in the luminous 
organs of the two fishes, Photoblepharon and Anomalops, and by 
me in Sepiola intermedia. 

The presence of oxygen is necessary for the luminescence of 
Microscolex. It is obvious that the behavior of the earthworms 
does not differ on this point from many luminous organisms such 
as Cypridina, firefly, bacteria and others. In an atmosphere of 
hydrogen the luminescence disappears quickly and does not 
return on mechanical or electrical stimulation. After removing 
the animals from hydrogen the luminescence appears again. 
The luminous slime kept on a slide or the filter paper impregnated 
with slime glows brightly upon moistening with water even after 
an hour and a half. After this time no light can be observed. 
Under the cover-glass however, if the edges be covered with 
vaseline, the light appears after many days in the presence of 
oxygen and water. This observation confirms fully the data 
collected by Gilchrist in Chilota and shows that the disappearance 
of luminescence points to the complete oxidation of the luminous 
material. 

If the ground animals be mixed with water to which some 
sodium hyposulphite has been added to remove the oxygen, and 
a few drops of methylene blue which serves as an indicator for 
the presence of oxygen, the light which appears on addition of 
ether is visible after a longer time, and is brighter than in the 
control tube without the sodium hyposulphite. The flash of 
light is observed at the moment when on shaking, the oxygen 
dissolves in sufficient quantity so as to change the colorless 
methylene blue to the colored compound. This is apparently 
due to the nonoxidation of some of the granules, which were not 
completely destroyed by the action of enzymes or perhaps to 
the lessened activity of these enzymes due to the modified 
composition of the solution. 

The different tissues of Microscolex contain a sufficient quantity 
of oxygen to allow luminescence as proved by vital staining with 
methylene blue. Nevertheless the light is not produced con- 
tinually as in luminous bacteria, which fact must be taken as 
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contradictory to the bacterial origin of luminescence in this 
animal. 

It is well known that luminous bacteria cease to glow at a 
lower temperature than the secretions of animals which have 
luminescence of their own. Furthermore one of the constant 
characteristics of the bacterial light is the reappearance of the 
luminescence after cooling and of the same intensity as before 
heating. The living Microscolex kept in fresh water does not 
give off any light upon addition of ether or alcohol if previously 
heated to 60° C. The same was noticed if the dried material or 
the filter paper impregnated with luminous slime were tested 
for luminescence by pouring on them water heated to different 
temperatures from 55°-60° C. It may be mentioned here that 
after cooling the luminescence did not return in any case. These 
observations agree with the results obtained in other luminous 
animals whose self-luminescence is beyond any doubt, and differ 
widely from the behavior of luminous bacteria. Different results 
were obtained, however, with solutions prepared from the whole 
worms. In this case the maximum of temperature at which 
the light was observed reaches but 40° C. This difference may 
be explained by the quicker destruction of the luminous granules 
by the substances (enzymes) liberated from the rest of the body. 
Should this explanation prove true one cannot expect to find in 
the solution at a higher temperature unaltered luminous material 
which may react with the added ether. 

In the older literature one finds statements that the dried 
luminous slime of the earthworms can be made luminous again 
by application of water. The same was found in my observa- 
tions and this experiment can be repeated many times until 
complete oxidation of the luminous material. If the whole 
animals be dried in an evacuated desiccator the ground powder 
behaves like the fresh discharged slime, the intensity of lumi- 
nescence being about the same. Even after three months the 
dry powder glows brilliantly if in water, the luminescence lasting 
for some time relatively to the amount of the powder. The 
dried bacteria however can be made luminous by moisture but 
only for a shorter time after desiccation, and the light is much 
fainter than that of the living microérganisms. 
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Pierantoni states that the addition of sodium chloride to the 
water in which the living specimens of Microscolex phosphoreus 
are kept inhibits their luminescence. In spite of many trials I 
have not been able to demonstrate the effect of different salt 
solutions when added to the powder from desiccated earthworms. 
The observations on Microscolex agree therefore with those of 
F. N. Harvey on Cypridina where the effect of different ions was 
not to be found. Pierantoni in his paper distinguishes two types 
of luminescence in Microscolex. Besides the external secretion 
of luminous slime he describes a general luminescence of the 
whole body, first visible at the posterior and anterior part, which 
takes place within the different tissues. This internal lumi- 
nescence may be produced by the strong stimulating action of 
ammonia or alcohol. It seems to me that in many cases the 
ejaculated slime, through the movements of the animal, spreads 
over the whole body and sticks to the skin, thus imitating an 
internal luminescence. By rubbing the worm over the filter 
paper or cloth all the slime can be removed but in water, however, 
the viscous slime does not dissolve easily. In ammonia of the 
proper strength the motionless animal begins to glow, the pos- 
terior part glowing first. After some time the luminosity spreads 
over the whole body even if the animal be apparently dying. The 
same effect can be obtained with alcohol solution. With ether 
or chloroform I noticed only the external luminescence, the 
movements of the worm being for a longer time very energetic. 
Ammonia arrests almost immediately the muscular action. It 
is therefore to be understood that only in a few cases the ejacu- 
lation of the slime on application of ammonia was observed. 
The luminosity of the dying animal may be compared with the 
steady death glow as noticed in Noctiluca (E. B. Harvey, '17) 
and other forms. This internal luminescence may be hastened 
if the worm be rubbed gently with the finger when in ammonia 
or alcohol. If the animals are in a very poor condition they can 
also be made luminous by rubbing them, even without ammonia 
or alcohol. Sometimes the worms already luminescent can, if 
slightly pressed, throw the luminous slime through the anal or 
oral aperture. After the ejaculation of slime the animal loses its 
luminosity, which indicates that the internal luminescence cannot 
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be taken as a different type from the external one. Pierantoni’s 

view, which explains the internal luminosity as the continual 

glowing of the symbiontes inside the cells of the different tissues 

of the body, seems to me, therefore, a very improbable hypothesis. 
DISCUSSION. 

Summing up all the characteristics of the luminescence of 
Microscolex phosphoreus (the rdle of the nervous system, the 
effect of ether, temperature, the luminosity of desiccated worms) 
we can see that they do not agree with the observations on the 
properties of bacterial light but point to a luminescence of its 
own in this species of Oligochzta. It is very improbable that the 
luminous symbiontes may change their type of luminescence so 
completely as to behave like such animals as Cypridina, Pholas, 
Noctiluca and others, especially as the luminous bacteria living in 
luminous organs in some fishes and Cephalopods do not show such 
differences, though their shape may be modified. Microscolex 
and Chilota are therefore at least two earthworm species which 


are certainly not infected with luminous bacteria. Allolobophora 
fetida (Vejdowsky) however may be occasionally infected by 
microérganisms or fungi, as only a few luminous specimens 
were found. 


As I have mentioned before, the luminous material in Micro- 
scolex consists of small granules which usually begin to glow after 
the slime has been discharged. If the animal be dying however, 
they become luminous within the body cavity. It may be 
thought that the luminescence of the granules depends on an 
amount of oxygen which is not present in sufficient quantity in 
ceelomic fluid. If the worm be dying the amount of oxygen 
may be increased, but the experiments carried out by E. N. 
Harvey did not show any difference in the rate of permeability 
for oxygen between living and dead cells. One may suppose 
however that the luminescence begins when the cells disintegrate, 
which is corroborated by the fact that on rubbing the brightness 
of the slime increases. The process of breaking up the cells with 
granules within was observed by me several times after the slime 
was discharged. On one occasion Gilchrist noticed that the 
light was given off from the glowing particles situated in cells, 
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which were in process of breaking up. I do not think that the 
granules can be luminous only during the time when they begin 
to be thrown off from the cells, for the centrifuged extract con- 
taining the free granules alone gives off light if ether be added, 
but it may be that they become luminous after they are liberated. 
It is possible that if the worm be dying the cells break up inside 
the body cavity. This process never occurs if the animal is in 
good condition. The accelerating effect of the rubbing may be 
explained by the increase of the process of breaking up the cells. 
In favor of such a view it may be noticed that the ejaculated 
slime which glows brightly always contains free granules in 
abundance, and their amount increases with time when the cells 
dissolve. It was impossible to prove this directly as the light 
of the granules is not strong enough to be seen under the micro- 
scope. 

I wish to express my sincerest thanks to Professor E. N. 
Harvey for many suggestions and criticism. My thanks are also 
due to Professor R. Dohrn, Director of the Zodlogical Station in 


Naples and his staff for many courtesies shown me during my 
stay there. 


SUMMARY. 

Microscolex phosphoreus is characterized by an external lumi- 
nescence (except the steady death glow) which begins upon 
stimulation. All the properties of its light seem to show that this 
species has a luminescence of its own. The luminous material 
is represented by small granules situated in the protoplasm of 
the cells, which take their origin from the body cavity. The 
luminescence begins probably after the granules are liberated 
from the cells. 
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CHROMOSOMAL VESICLES AND THE STRUCTURE OF 
THE RESTING NUCLEUS IN PHASEOLUS. 


J. McA. KATER, 


St. Louris UNIVERSITY SCHOOL OF MEDICINE. 


In 1885 Rabl formulated a theory which is essentially our 
modern theory of continuity cf chromosomes. Since that time 
cytologists and geneticists have very thoroughly discussed this 
problem, with its bearing on our conception of the structure of 
the nucleus and the related problems of genetics. Unfortunately, 
even at the present time, a large part of the evidence for the 
individuality of chromosomes is purely inferential; consequently 
the subject still rests on a rather hypothetical basis. Only in 
one case have the chromosomal vesicles with clear outlines been 
traced through the resting nucleus and in this instance the condi- 
tions were such that the observations cannot be applied to 
other forms with any degree of safety (Richards, 1917). Other 
workers have identified chromophilic bands in the resting nucleus 
as chromosomes, but the outlines of the vesicles were not visible 
(Sharp, 1914; Wenrich, 1916). In addition to the above isolated 
cases a great deal of strong inferential evidence for the indi- 
viduality of chromosomes has been accumulated (Boveri, Conklin, 
etc.). 

While engaged in studying the cytological changes accompany- 
ing the ripening and germination of the seeds of the common 
bean, Phaseolus vulgaris, a number of observations were made 
which indicated that Phaseolus affords favorable material for 
studying the reconstruction of daughter nuclei and interpreting 
their resting structure. This material was even more promising 
because of the fact that the resting nucleus of Phaseolus is quite 
similar to that of some other plants. 

I wish to express my gratitude to Mr. G. T. Kline, artist, St. 
Louis University School of Medicine, for his skillful preparation 
of the plates, and to Professor Albert Kuntz for kindly reading 
the manuscript. 
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MATERIAL AND METHODs. 


The root tips uf growing Phaseolus seedlings were used. Since 
a matter of considerable controversy was the subject of this work 
it was thought desirable to use a number of fixatives. 

Flemming’s strong gave excellent results, though only the 
peripheral portion of the root could be used. Root tips treated 
with this fixative show three degrees of fixation. In the outer 
layers of cells the cytoplasm and nucleus appear quite normal, 
though the linin of the nucleus is not quite so accentuated as in 
Bouin’s. The next few layers of cells appear to be poorly fixed, 
but are valuable for comparison with the outer cells. The 
innermost part of the root tip does not seem to have been 
penetrated at all. 

Bouin’s proved to be very valuable since it slightly swells the 
chromatin and accentuates the linin. There was no indication 
that the actual structure was hidden or changed, but rather that 
certain features of normal structure were made more evident. 
The cytoplasm was not as well fixed as in Flemming’s strong. 
The tissue was fixed all the way through. 

Alcoholic Bouin’s and a mixture of three parts Bouin’s to one 
part one per cent. osmic acid gave only fair results, inferior in all 
respects to Flemming’s and Bouin’s. Zenker’s, Carnoy’s and 
corrosive-acetic-alcohol shrunk the cells to such an extent that 
they were of no value whatever. 

Very slow dehydration was found to be essential. Starting 
with thirty per cent. alcohol two to three days were consumed in 
the process of dehydration. The tips were embedded in hard 
paraffin and cut at 4 micra. 


The sections were stained in iron-alum-hzematoxylin and 
lightly counterstained with eosin. 


OBSERVATIONS. 

Since the principal object of this work is the interpretation of 
the structure of the resting nucleus the logical starting point is 
the reconstruction of daughter nuclei. This will be followed by 
a description of the resting nucleus and the account will end with 
the prophase. 

Reconstruction of Daughter Nuclei.—One of the features prob- 
ably responsible for the value of Phaseolus for a study of this 
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subject is the uniformly small size of the short rod-like chromo- 
somes. As is usually the case with chromosomes of this kind 
they migrate to the poles with their long axis parallel to the long 
axis of the spindle and the advancing chromosomes are so evenly 
placed on the spindle that an almost perfect ring is formed. 
This.perfect order is maintained after the daughter chromosomes 
come in contact with each other at the poles and at the time 
when the apparent fusion occurs the chromosomal mass appears 
as a rectangle with its greatest dimension at right angles to the 
long axis of the spindle. At this time the outlines of the chromo- 
somes are not clear and we can recognize the individual chromo- 
somes only by the corrugation on the sides of the rectangle. The 
rounded ends of the chromosomes prevent their tips from coming 
in contact with each other and are responsible for the corrugations 
on the margins of the mass of chromosomes (Fig. 1). Shortly 
after the appearance of globules of achromatic material in the 
chromosomes the notched edges of the chromatin mass disappear 
and the outline of the reconstructing nucleus becomes smooth. 

In rare instances the chromosomes are not perfectly parallel 
when they become contiguous with each other at the poles. In 
such cases the chromatin mass is not as regular as described 
above. 

Figures 2 and 3 make a very important point for this descrip- 
tion. Fig. 2 illustrates the beginning of vacuolization in one of 
the daughter nuclei, and in the other the vacuolization has pro- 
ceeded to such an extent that distinctly clear areas are appearing 
in the proximal ' ends of the chromosomes. 

This figure also shows that the achromatic globules occur 
between the indentation on the proximal surface of the nucleus 
and that a linin strand runs inward from the indentation and 
joins that part of the chromatin mass which has not yet taken 
up achromatic material. A little later in the process of recon- 
struction the proximal side of the nucleus becomes less chromatic, 
the vacuolized portion of the chromosomes being more extensive. 
The indentations, especially on the proximal surface, are still 
quite pronounced and linin strands extending inward from them 
are also prominent. 


1 Throughout this paper the ends of the chromosomes towards the equator of 
the spindle will be termed “proximal,” while the opposite end will be called 
“distal.” 
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It is well to emphasize at this point an interpretation of the 
linin strands which, doubtless has already occurred to the reader. 


The fact that they invariably run inward from the indentations 


on the surface of the chromatin mass which represent the points 


of contiguity of adjacent chromosomes strongly indicates that 
they as well as the superficial indentations, represent the line of 
contiguity of adjacent chromosomes. This also supports the 
conception of chromosome structure held by many zodlogists, 
notably Conklin, that the chromosome consists of a linin bag 
filled with chromatin. Achromatic globules appear in the chro- 
matin groundwork of the interior of the chromosomes while the 
linin bag remains unaltered, except for the swelling due to increase 
of material within it. At this early stage of reconstruction there 
is no evidence whatever for the existence of linin strands within 
the external chromosomal sheath (Fig. 3). 

The process of vacuolization normally continues until about 
three fourths of the length of the chromosome contains a large 
part of achromatic material, the so-called granules of chromatin 
occurring principally along the linin strands. The distal fourth 
of the chromosome is still a solid mass of chromatin and so it 
remains until the reconstruction of the nucleus is complete 
(Fig. 4). The imbibition of achromatin by the proximal ends 
of the chromosomes has not yet been completed. This con- 
tinues and causes the increase in size of the daughter nucleus up 
to the time when it ceases swelling and enters the interphase ot 
the resting period. 

Since the distal fourth of the chromatin mass does not take 
up achromatin, it does not increase in size in harmony with the 
proximal portion of the chromosomes, and the latter tends to 
swell out over it and, as it were, to engulf it. This causes the 
linin strands, representing lines of contact of chromosomes, to 
change their position, and, ceasing to be parallel to the long 
axis of the cell, they become radiating strands with the non- 
vacuolized chromatin mass as their center. At the same time 
the solid distal ends of the chromosomes tend to clump. Fig. 4 
illustrates a cell in which the daughter nuclei still have the non- 
vacuolized portion of every chromosome distinctly separated. 


From this point on they start joining so that nuclei may be 
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found with only four, three or two masses of chromatin within 
them (Figs. 5 and 6). Fig. 6 illustrates two of these bodies in 
the act of joining. 

As pointed out above the vacuolization of the proximal portion 
of the chromatin mass tends to turn the outer ends of the linin 
strands outward from the long axis of the cell, while the clumping 
of the solid ends of the chromosomes drags their other end towards 
a somewhat central point in the nucleus, resulting in the strands 
radiating from the chromatin mass, which might now be termed 
the nucleolus or karyosome, like the spokes of a wheel from the 
hub. The above gives only a two dimensional view of the process 
which, naturally, is not complete. The chromosomes migrate to 
the poles of the spindle covering it all the way around, conse- 
quently, when the proximal ends of the chromosomes swell and 
the distal ends join to form the nucleolus the linin strands 
radiate from the nucleolus, not like spokes from a hub, but like 
spines from the body of a bur. 

When all of the small masses of chromatin first join to form the 
nucleolus the latter body is irregularly shaped, but it rapidly 
assumes the spherical form typical of nucleoli of resting nuclei. 
Fig. 8 represents a dividing cell in which the nucleolus in one of 
the daughter nuclei is almost spherical while that in the other 
daughter nucleus is irregular. 

Interphase and Resting Nucleus.—The term “interphase’’ is 
used to signify the interkinetic period in the rapidly dividing cells 
of the root tip while the nuclei farther up the root that are divid- 
ing slowly or not at all will be called ‘‘resting’”’ nuclei. The 
interphase nucleus exhibits a relatively large nucleolus which 
may contain one or more achromatic globules, and relatively 
little scattered chromatin. The linin strands which, as shown 
above, represent the line of contiguity of adjacent chromosomes, 
are quite evident in such nuclei. The few disperse chromatin 
granules are found principally around the periphery of the 
nucleus and even there are not sufficiently abundant to obscure 
the linin strands (Fig. 10). During the dormant period of the 
bean seed the scattered chromatin either enters the nucleolus or 
becomes closely appressed to the nuclear membrane, as has been 
previously shown (Kater, MSS.). In such nuclei there is nothing 

15 
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to obscure the linin strands, and, consequently, they are very 
generally visible (Fig. 12). 

One might ask why the number of linin strands seen in the 
telophase and in resting nuclei is so small in comparison with the 
number of chromosomes in Phaseolus. It is only necessary to 
consider again that the nucleus has three dimensions and that, 
when observing a complete nucleus many of the linin strands 
are seen in end view, and it is only the ones in a plane parallel 
to the slide that are seen as definite lines. 

In the resting nucleus there is a much greater abundance of 
scattered chromatin than in the interphase. Likewise there is a 
compensatory decrease in the size of the nucleolus and the scat- 
tered granules come up almost to the nucleolus, leaving a very 
small perinucleolar zone. When tissue is fixed in Bouin’s small 
sections of the linin strands can be made out, but after fixation 
in Flemming’s strong the linin strands are rarely seen in such 
nuclei. The abundance of scattered chromatin obscures them 
(Fig. 11). There can be no doubt as to their presence because in 
the same area of a ripe embryo, when the scattered chromatin 
has disappeared, they are quite evident and are invariably visible 
in interphase nuclei. 

In properly fixed cells the nuclei have no resemblance whatever 
to the perfect reticulated network figured for plant nuclei by 
Gregoire (1904) and Sharp (1914). A somewhat similar structure 
is found in the second zone of Flemming’s fixation, mentioned 
above. Slight indications of the chromatin bands which Sharp 
identifies as chromosomes may also be seen (Fig. 13). It seems 
probable that such slight distortion does not actually mislead 
the observer, but merely clumps the chromatin of each individual 
chromosome and enables the observer to trace structures which 
otherwise he could not recognize. 

Before concluding this description of the resting nucleus we 
should emphasize the existing relationship between the chromo- 
somes, as Outlined in the description of the reconstruction of 
daughter nuclei. Every chromosome in the resting nucleus must 
be essentially a pentagon with four of the sides equal triangles 
while the fifth side has a convex surface and serves as a part 
of the nuclear membrane. The inner point of this wedge-like 
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structure, where the four triangles come together, consists of non- 
vacuolated chromatin and makes up a part of the nucleolus. 
The outer part is principally achromatic and, consequently, 
much larger. Thus, every chromosome contributes to the forma- 
tion of the nucleolus and likewise to the so-called nuclear reticu- 
lum. As stated above in distinguishing between interphase and 
rest, when the meristematic region moves forward leaving behind 
it cells that cease dividing we find an increase of scattered chro- 
matin and a decrease in the size of the nucleolus. Since every 
chromosome enters into the formation of the nucleolus, this giving 
up of material by the latter body affects all of them and inasmuch 
as the nucleolus remains practically spherical the chromosomes 
apparently are equally active. 

Prophase.—Before attempting to interpret the structure of the 
resting nucleus it is necessary that one study the development 
of that body in the telophase. It is equally necessary that one 
check these results by studying the behavior of the chromosomes 
during the prophase. 

The onset of mitosis is first indicated by an increase of size and 
of the basophilic character of the scattered chromatin granules 
(Fig. 14). The next evident change is the appearance of con- 
siderable quantities of chromatin on the linin strands (Figs. 15). 
A little later the nucleus becomes smaller and consists almost 
entirely of chromatin. The linin strands are now covered with 
heavy bands of chromatin and‘the intervening spaces are well 
filled with large chromatin granules (Fig. 16). 

The next change is important and introduces a very revolu- 
tionary fact. The nuclear membrane does not dissolve and dis- 
appear as has been universally described previously. Breaks 
appear in its wall, but each break leads into a short channel which 
terminates before reaching the general outline of the nucleolus, 
and this channel is bordered on either side by the end of a chromo- 
some, now fully formed except that one end is still imbedded in 
the nucleolus. Fig. 17 shows a cell in which one side of the 
nuclear membrane is still intact and one can see that it appears 
to be continuous with the chromosomes projecting from the 
nucleolus on the other side. 

The spherical outline of the nucleus entirely disappears in the 
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manner described above and there remains in the place of the old 
nucleus a mass of chromosomes with one end of each still im- 
bedded in the apparently homogeneous nucleolus and the other 
end projecting freely (Fig. 18). In order to return to the point 
at which this description started the chromosomes have only to 
separate. This is a gradual process. Cases may be observed 
in which only one or two chromosomes have become entirely 
separated from the rest of the mass (Fig. 19). From this condi- 
tion we go, chromosome by chromosome, to the point where all 
or nearly all of them are separate (Fig. 20). 

The chromosomes of Phaseolus are too small to be favorable 
for a study of the process of splitting and since that is not the 
subject of this work no careful attempt has been made to follow 
that phenomenon. 


HISTORICAL AND DISCUSSION. 


Reconstruction of Daughter Nuclei.—Phaseolus has been used 
by several investigators in studies of mitosis and nuclear struc- 
ture. Wager (1904) has given a very excellent account of mitosis 
in this plant and, in view of the fact that he did not properly 
interpret his observations, the accuracy with which he figured 
them is remarkable. Although he did not follow the nuclear 
changes in the telophase closely enough to show conclusively 
that the linin strands, which apparently connect the nucleolus 
with the nuclear membrane in the resting stage, are the linin 
sheaths of chromosomes and that the chromosomes retain their 
individuality through the resting period, he, nevertheless, gives 
several very suggestive figures. Figs. 29 and 30 in his account 
are practically the same as Figs. 4 and 6 in the present work. 
The principal object of his study was to discover the origin of 
the nucleolus and his conclusion that it arises by the joining of 
non-vacuolated ends of chromosomes has been clearly verified 
by the present observations. 

Wager observed and figured telophase conditions which, if they 
had been carried a little further, would have shown conclusively 
that the chromosomes of this plant are continuous from one 
mitosis to the next. He merits credit for being the first to make 
such clear observations of this phenomenon even though his 
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interpretations were entirely beside the mark and his paper did 
not attract widespread attention. 

This author figures the linin strands in resting nuclei as well as 
their development in the telophase. His observations on both 
of these phases have been violently attacked by Martins Mano 
(1905). Immediately after the appearance of Wager’s article 
Martins Mano undertook to repeat his work on Phaseolus. 
The latter concluded that the nuclear reticulum arises by the 
‘branching and anastamosing’’ of telophase chromosomes and 
that the nucleolus appears independently and rather suddenly 
after the reconstruction of the daughter nuclei is almost complete. 
His figures of the telophase, which led to the above incorrect 
interpretations, can be explained on the basis of Fig. 7. This 
figure illustrates a cell through which the plane of the section 
passed in such a way that a very small portion of one of the 
daughter nuclei appears in the section. The non-vacuolized 
portions of the chromosomes are entirely absent and, since only 
a small part of the side of the reconstituting nucleus is present the 
proximal ends of the chromosomal vesicles appear in cross section 
and consequently fail to show the even division of the nucleus by 
parallel linin strands. The other nucleus in this dividing cell 
exhibits the normal picture. Martins Mano admitted that 
structures similar to Wager’s description were found, but claimed 
that the ones which he figures were of more frequent occurrence. 
In the light of the present work it can be safely said that Martins 
Mano must have exercised a great deal of patience in searching 
for the abnormal and infrequently occurring cells which he figured 
and with which he tried to support the theory that the recon- 
struction of nuclei is by the branching and anastamosing of telo- 
phase chromosomes, a theory which is incorrect in the case of 
Phaseolus. Martins Mano says that the linin strands which 
Wager figures as running from the nucleolus to the nuclear 
membrane do not exist, but are a part of the reticulum above the 
nucleolus. Their presence in the dormant seed, when the 
reticulum disappears shows that Wager was correct. 

The great majority of described cases of chromosomal vesicles 
appearing during the reconstruction of nuclei are from animal 
eggs. Such structures have been described and discussed so 
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frequently that it is not worth while to devote space to them here 
(Boveri, 1909; Moenkhaus, 1904; Conklin, 1912; Richards, 
1917). 

The vacuolization of plant chromosomes has not been so fre- 
quently described and is not so easily studied because the chromo- 
somes do not take up as much achromatic material as do the 
chromosomes of animal eggs. The early vacuolization of the 
chromosomes of Vicia was studied by Sharp (1914). This plant 
has large chromosomes and affords very favorable material for 
the botanical approach to the subject. The chromosomes of 
Phaseolus are small and not suited to a study of this kind. Their 
great value for the present work lies in the fact that when the 
chromosomes come in contact with each other at the poles of the 
spindle they are perfectly parallel with each other. This fact, 
together with their rounded ends makes it possible to identify 
the linin strands as the linin sheaths of chromosomes. 

Similar linin strands have .been figured in the resting nuclei of 
other plants (Martins Mano, 1904; Bergs, 1906; Lutman, 1925). 
These investigators as well as Derschau (1904) have also described 
the telophase in a manner which indicates that the condition in 
those forms on which they were working is very similar to that 
of Phaseolus. 

Prophase-—In the only case in which chromosomal vesicles 
have been traced through the resting stage of the nucleus 
(Richards, 1917) the figures are so clear and convincing that one 
has no cause whatever to doubt the endogenous formation of 
chromosomes. The new chromosomes are formed in the pro- 
phase vesicles and are set free by the dissolution of the old walls. 
After reading this account of the formation of chromosomes in 
Fundulus it was very surprising to find that they are not formed 
in the same way in Phaseolus, but that the chromosomal vesicles 
merely lose their achromatic content, contracting and giving rise 
to the new chromosomes, the old linin sheath apparently being 
continuous from one division through the next. 

Wager concluded that the nuclear membrane of Phaseolus 
dissolves. However, his figures do not entirely justify that con- 
clusion and indicate that his material was identical with that 
used in the present study. The author knows of no account at 
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the present time which would justify the conclusion that in any 
other plants or animals the prophase chromosomes are formed 
in the same way as in the bean. 

Martins Mano states that the nucleolus of Phaseolus does not 
contribute to the formation of chromosomes. The figures of the 
‘present paper as well as those of Wager are quite conclusive on 
this point and show that he was mistaken. 

The Nucleolus or Karyosome——In the many descriptions and 
discussions of thromatin nucleoli the various authors have not 
taken account of the fact that the nucleolus may be made up of 
a non-alveolized portion of every chromosome, as in the case in 
Phaseolus. If the chromatin nucleolus is a store-house for chro- 
matin it is quite natural that it should be found at the meeting 
point of all the chromosomes, since the latter remain distinct 
throughout the resting phase of the nucleus. 

Continuity of Chromosomes.—The significance of chromosomal 
continuity for various problems of cytology and genetics has been 
completely discussed previously, even before Richards had, for 
the first time, traced chromosomal vesicles through the inter- 
kinetic nucleus (Moenkhaus, 1904; Conklin, 1902; Wenrich, 
1916; Richards, 1917; Wilson, 1925). A repetition of this 
discussion would be superfluous. 


SUMMARY. 


1. When the chromosomes of Phaseolus reach the poles of the 
spindle they come in contact with each other, all lying parallel 
to the long axis of the spindle. The individual chromosomes can 


be traced by the indentations on the surface of the chromatin 
mass. 


2. Vacuolization of chromosomes begins in the end nearest the 
equator of the cell (the proximal end). 

3. The distal ends of the chromosomes do not become alveo- 
lized, but join to form the chromatin nucleolus. There is no 
plasmasome present in the root-tip cells of Phaseolus. 

4. The linin sheath of the chromosomes becomes visible in 
conjunction with the telophasic vacuolization and can be traced 
through the interphase and resting condition, thus showing that 
the chromosomes remain distinct from one mitosis to the next. 
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5. The chromosome is considered as a linin bag filled with 
chromatin. Therefore, in the interkinetic nucleus the chromosomes 
are contiguous and the chromatin of adjacent chromosomes 1s discrete. 

6. The chromosomes arise in the prophase by the chromosomal 


vesicles losing the achromatic globules within them and con- 
tracting to form the apparently homogeneous metaphase chromo- 
somes. 
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EXPLANATION OF PLATES. 


All figures drawn from sections 4 micra thick with aid of Abbe camera lucida 
and Leitz 2 mm. oil immersion lens. Figs. 1, 4, 7, 10, 11, 13, and 15 to 22 from 
material fixed in Flemming's strong; the remaining figures from sections fixed in 
Bouin's. All sections stained with iron-alum-hematoxylin and lightly counter- 
stained with eosin. With the exception of figures 21 and 22 all drawings represent 
structures in two dimensions. Magnification—1900 X. 


PLATE I. 


Fic. 1. The chromosomes have become contiguous at the poles of the spindle. 
Individual chromosomes can be traced by their rounded ends. 

Fic. 2. Vacuolization is beginning. Rounded ends still indicate limits of each 
chromosome. 

Fic. 3. Vacuolization continued. Disperse chromatin granules in chromo- 
somal vesicles. 

Fic. 4. Note non-vacuolized portion of each chromosome. Linin strands 
represent line of contiguity of different chromosomes. Chromatin granules in 
vesicles. 

Fic. 5. The linin borders of the chromosomes are still prominent and the non- 
vacuolized ends of the chromosomes are joining. 

Fic. 6. Acontinuation of the changes illustrated by Fig. 5. Note lower nucleus 


where the two last non-vacuolized portions of chromatin are joining to form 


chromatin nucleolus or karyosome. Disperse chromatin granules are located 
principally around the periphery of the nucleus. 

Fic. 7. Approximately the same stage of development as Fig. 6. The section 
was so cut that the nucleolus does not appear in one of the daughter nuclei. Note 
that the linin strands are not parallel in this one. 

Fic. 8. Completion of the joining of the non-vacuolized chromosome ends to 
form the nucleoli. Nucleolus approximately spherical in one daughter nucleus. 
Linin sheaths of chromosomes still prominent. 

Fic. 9. Polar view of reconstructing nucleus. This nucleus is at about the 
same stage of development as Fig. 5. The linin strands are not parallel as in 
side view. 
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PLATE II. 


Fic. 10. Interphase nucleus from the meristematic tissue at the tip of the root. 
Disperse chromatin granules around the periphery of the nucleus. Linin sheaths 
of chromosomes prominent. 

Fic. 11. Resting nucleus from slowly growing region of the root. Nucleolus 
smaller than in interphase and disperse chromatin so abundant that the linin strands 
are obscured. 

Fic. 12. Cell from the radicle of a dry mature bean embryo. Disperse chro- 
matin has disappeared. Linin sheaths of chromosomes are very prominent. 

Fic. 13. Resting cell illustrating poor fixation by Flemming’s solution, except- 
ing a few peripheral layers of cells. 


Fic. 14. Early prophase. The disperse chromatin granules are becoming 


larger, fewer, and stain more darkly. 

Fic. 15. Prophase continued. The disperse granules are larger and a heavy 
band of chromatin is appearing along the linin strands. 

Fic. 16. A continuation of processes illustrated in Fig. 15. 

Fic. 17. The chromosomal vesicles on one side of the nucleus have lost all 
achromatic material and are contracting to form chromosomes. Note that the 
nuclear membrane of the other side is continuous with the nearest formed chromo- 
somes. 

Fics. 18, 19 AND 20. Further steps in the contractions of chromosomal vesicles 
and separation of the chromosomes. 

FIGS. 2I AND 22. Drawings showing the chromosome elements in three dimen- 
sions. Compare 21 to 17 and 22 to 19. 
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